GRANT  NUMBER  DAMD17-95-1-5022 


AD 


TITLE:  Environmental  Exposures,  Genetic  Polymorphisms  and  p53 
Mutational  Spectra  in  a  Case-Control  Study  of  Breast  Cancer 


PRINCIPAL  INVESTIGATOR:  Peter  G.  Shields,  M.D. 


CONTRACTING  ORGANIZATION:  National  Institutes  of  Health 

Bethesda,  Maryland  20892 


REPORT  DATE:  January  1997 


TYPE  OF  REPORT:  Annual 


PREPARED  FOR:  Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

distribution  unlimited 


The  views,  opinions  and/or  findings  contained  in  this  report  are 
those  of  the  author (s)  and  should  not  be  construed  as  an  official 
Department  of  the  Army  position,  policy  or  decision  unless  so 
designated  by  other  documentation. 


19980617  135 

IjnO  QUALITY  INSPECTED  I 


1 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
OMB  No.  0704-0188 


collection  or  intormation.  including  suggestions  for  reducir>g  this  burden,  to  Wa^r^on  Headquarters  Services,  Directorate  tor  Information  Operations  and  neports,  1215  Jeffe 
Davis  Highway,  Suite  1204,  Arlington,  VA  22202-4302,  and  to  the  Office  of  Management  and  Budget,  Paperwork  Reduction  Project  (0704-0188),  Washington,  DC  20503. 


1 .  AGENCY  USE  ONLY  (Leave  blank) 


4.  TITLE  AND  SUBTITLE 


2.  REPORT  DATE 

January  1997 


3.  REPORT  TYPE  AND  DATES  COVERED 

Annual  (1  Jan  95-31  Dec  96) 


5.  FUNDING  NUMBERS 


Environmental  Exposures,  Genetic  Polymorphisms  and  p53 
Mutational  Spectra  in  a  Case-Control  Study  of  Breast 
Cancer 


6.  AUTHOR(S) 

Peter  G.  Shields,  M.D. 


DAMD17-95-1-5022 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

National  Institutes  of  Health 
Bethesda,  Maryland  20892 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 

Commander 

U.S.  Army  Medical  Research  and  Materiel  Command 
Fort  Detrick,  Frederick,  MD  21702-5012 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  /  AVAILABILITY  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  unlimited 


The  first  goal  of  this  project  is  to  determine  the  frequency  of  genetic  | 

polymorphisms  for  carcinogen  metabolism  and  the  p53  mutational  spectra  in  a 

previously  conducted  breast  cancer  case-control  study.  We  have  determined 

that  the  NAT2  slow  acetylator  genotype  and  cigarette  smoking  is  a  risk 

factor  for  postmenopausalCaucasion  women.  Analyses  for  NATl  is  now  in  | 

progress .  We  also  have  found  that  the  alcohol  dehydrogenase  gene  increases 

alcohol-related  breast  cancer  risk.  The  sequencing  for  the  p53  mutational 

spectra  is  in  progress.  To  corroborate  the  epidemiological  data,  over  30 

breast  cell  strains  have  been  established  and  metabolism  is  being  studied 

in  relation  to  genotypes.  Finally,  to  identify  smoking  related  risk,  we 

have  been  studying  smoking  behavior  and  addiction.  Thus  far,  genetic 

polymorphisms  in  the  dopamine  transporter  and  dopamine  receptors  have  been 

associated  with  smoking.  For  the  latter,  in  African  Americans,  the  data 

indicates  that  the  genetic  polymorphism  might  predict  the  success  of 

smoking  cessation  therapy. 


14.  SUBJECTTERMS  Molecular  Epidemiology,  Chemical  Carcinogenesis,  15.  NUMBER  OF  PAGES 
Cytochrome  p450.  Environment,  Genetic  Polymorphisms,  Risk  , _ _ 

1 R  PRIOF  OODE 

Factors,  Humans,  Anatomical  Samples,  Breast  Cancer 


17.  SECURITY  CLASSIFICATION  18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION  20.  LIMITATION  OF  ABSTRACT 
OF  REPORT  OF  THIS  PAGE  OF  ABSTRACT 

Unclassified _ Unclassified _ Unclassified _ Unlimited _ 

NSN  7540-01-280-5500  Standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  Z39-18 


2 


rOREWQRD 


Opinions,  interpretations,  conclusions  and  reconunendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army . 


[/y  Where  copyrighted  material  is  quoted,  permission  has  been 
obtained  to  use  such  material. 

Jh  Where  material  from  documents  designated  for  limited 
distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 


1/  Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations. 

/l/f/V  In  conducting  research  using  animals,  the  investigator  (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  National 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985) . 


r/  For  the  protection  of  human  subjects,  the  investigator (s) 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 


f\J \[)c  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules . 

In  the  conduct  of  research  involving  hazardous  organisms, 
-the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories . 


PI  -  Signature 


Date 


3 


Table  of  Contents 


Front  Cover  .  1 

SF298  . 2 

Foreword  . 3 

Table  of  Contents  . .4 

Introduction  . 5 

Body  . 6 

Conclusions  . 11 

PUBLICATIONS  . 13 

Appendices : 

A . 14 

B . 23 

C . 24 

D . 29 

E . 30 

F . 31 

G . 32 

H . 40 

I . 44 

J . 51 

K . 54 


V 


> 


INTRODUCTION 

The  first  goal  of  this  project  is  to  determine  the  frequency 
of  genetic  polymorphisms  for  carcinogen  metabolism  and  the  p53 
mutational  spectra  in  a  previously  conducted  breast  cancer  study 
designed  to  assess  nutritional  risk  factors,  seeking  to  identify 
risk  factors  related  to  inheritable  susceptibilities  and  chemical 
etiologies.  The  workscope  was  subsequejitly  expanded  to  include 
the  same  goals,  but  for  other  epidemiological  studies  of  breast 
cancer,  and  to  perform  studies  of  breast  metabolism,  p53  and 
smoking  (including  smoking  cessation) .  The  DOD  grant  allows  us  to 
examine  a  variety  of  risk  factors  (hormonal  and  non-hormonal ; 
environment  and  diet;  carcinogens  and  anticarcinogens)  in 
relationship  to  p53  mutations  and  breast  cancer  with  genetic 
polymorphisms  as  effect  modifiers.  The  frequency  of  genetic 
polymorphisms  themselves  in  relation  to  breast  cancer  and  to  p53 
mutations  are  being  determined. 

A  population-based  case-control  study  of  breast  cancer  was 
conducted  between  1986  to  1991;  blood  and  tissue  have  been 
stored.  There  were  371  postmenopausal  and  301  premenopausal  women 
with  breast  cancer  and  438  and  316  age-matched  controls, 
respectively.  Genotyping  for  GSTMl,  CYPlAl,  CYP2D6,  CYP2E1, 

APOE,  aldehyde  dehydrogenase,  glutathione-S-  transferase  theta 
(GSTT)  and  N-acetyltransferase  1  and  2  is  being  determined  for 
all  subjects.  The  p53  mutational  spectra  is  being  determined  for 
informative  cases,  who  will  be  identified  by  single  stranded 
conformational  polymorphism  analysis  and  immunohistochemical 
staining.  Persons  with  mutations  will  be  categorized  by  mutation 
and  hypothesized  chemical  etiology  will  be  compared  to  persons 
with  other  types  of  p53  mutations  (four^for  each  case)  and  also 
to  controls  without  cancer  (ten  for  each  case) .  Odds  ratios  and 
logistic  regression  will  address  the  association  of  genetic 
polymorphisms  and  exposures  as  a  risk  for  p53  mutation  and  breast 
cancer,  adjusting  for  other  risk  factors.  We  also  will  examine 
effect  modification  for  other  risk  factors  by  genetic 
polymorphisms . 

The  current  workscope  was  expanded  to  perform  additional 
studies  relating  to  findings  in  the  first  year  of  the  award, 
specifically  as  they  relate  to  smoking,  smoking-related 
carcinogens  and  breast  cancer.  Thus,  we  are  culturing  human 
breast  epithelial  cells  and  examining  the  rate  of  adduct 
formation  from  cigarette-smoke  carcinogens,  as  well  as  the  p53 
and  apoptosis  response.  Interindividual  variation  will 
specifically  be  addressed.  The  purpose  of  these  studies  is  to 
corroborate  our  epidemiological  findings.  We  will  also  reproduce 
our  findings  in  additional  epidemiological  studies.  Finally,  we 
will  examine  nicotine  addiction  and  genetic  risk  factors  for 
addictive  behaviors,  in  the  context  of  a  smoking  cessation 
project,  in  order  to  identify  smoking  cessation  strategies  that 
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will  reduce  the  incidence  of  breast  cancer  in  susceptible 
populations . 


BODY 


1.  Collection  of  Tissue  Samples  and  Tissue  Preparation 

•  Tumor  blocks  for  93  cases  have  been  obtained  and 
sectioned,  and  the  DNA  has  been  extracted.  An 
additional  300  have  been  identified.  IRB  approval  is 
pending  from  the  hospitals.  Some  institutions  have  not 
been  as  cooperative  as  expected,  so  that  there  may  be 
as  many  as  50  blocks  not  available.  We  have  also  had 
to  identify  a  local  pathologist  who  will  go  to  the 
hospitals  to  supervise  the  block  collection. 

Collection  of  tissues  and  interruptions  in  staff  have 
delayed  the  collection  of  these  tissues.  We  expect  to 
request  an  extension,  at  no  additional  cost  to  the 
Department  of  Defense,  for  one  year,  in  order  to  have 
enough  time  to  complete  the  project. 

•  A  mechanism  for  receiving  fresh  breast  tissues  from 
autopsy  cases  and  reduction  mammoplasties  is  ongoing. 

We  have  received  over  42  tissues  to  date,  and  culturing 
is  now  routine  from  both  autopsy  and  surgical  donors. 
Additionally,  we  have  collected  150  frozen  breast 
tissues  from  autopsy  and  surgical  donors,  many  of  the 
former  who  have  also  donated  liver.  All  surgical  cases 
have  completed  an  epidemiological  questionnaire. 

•  DNA  has  been  extracted  from  over  500  smokers  and  non- 
smokers  enrolled  in  a  study  of  tobacco  addiction  in 
collaboration  with  Georgetown  University.  Outcome  data 
at  one  year  is  now  available  for  the  ability  to  quit 
after  smoking  cessation  counseling. 

•  Blocks  are  now  being  received  for  a  multiracial  study 
of  breast  cancer  in  collaboration  with  MD  Anderson 
Cancer  Center.  Six  hundred  cases  have  been  identified 
who  were  diagnb'sed  from  1983  to  1993  and  have  had 
epidemiological  questionnaires  completed.  These  women 
include  400  Caucasians,  100  African  Americans  and  100 
Hispanics.  To  date,  14  blocks  have  been  received. 

r* 

2 .  Genetic  Polymorphism  analysis 

•  Our  initial  focus  was  to  study  tobacco  smoking  as  a 
risk  factor  for  breast  cancer.  While  smoking  is 
generally  considered  not  to  be  a  risk  factor  for  breast 
cancer,  based  on  numerous  epidemiological  studies,  it 
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was  our  hypothesis  that  smoking  would  indeed  be  a  risk 
factor  in  some  women,  but  not  others.  When  studied 
together  as  a  homogenous  population,  the  risk  would  not 
be  observable.  Thus,  to  test  this  hypothesis,  we 
studied  risk  in  the  J\r-acetyltansferase  gene  (NAT2)  , 
because  this  gene  functions  as  a  detoxification  pathway 
for  aromatic  amines,  for  which  there  is  ample 
experimental  evidence  to  suggest  that  aromatic  amines 
would  be  a  human  breast  carcinogen.  The  NAT2  genetic 
polymorphism,  which  predicts  rapid  or  slow  acetylation, 
was  tested  in  304  breast  cancer  cases  and  327  community 
controls.  Neither  smoking  or  the  NAT2  gene  by 
themselves  were  risk  factors,  but  when  the  women  were 
stratified  by  smoking  risk  based  on  acetylation  status, 
in  postmenopausal  women,  smoking  carried  a  risk  of  up 
to  4.4  (95%  C.I.=1.4,  10.8)  in  slow  acetylators,  which 
was  consistent  with  several  different  types  of  analyses 
for  this  dataset.  There  was  no  similar  findings  for 
premenopausal  women.  A  manuscript  was  published 
summari2ing  these  findings  in  the  Journal  of  the 
American  Medical  Association  attached  as  Appendix  A. 

NATl  genotyping  has  been  completed  for 
postmenopausal  women  and  premenopausal  women  (Appendix 
B) .  The  genotypic  frequency  is  similar  to  previous 
reports  in  the  literature.  Quality  control  analysis  is 
being  completed  and  the  data  will  be  analyzed. 


•  A  commonly  accepted  risk  factor  for  breast  cancer  is 
alcohol  consumption,  and  the  findings  are  more 
frequently  reported  in  premenopausal  rather  than 
postmenopausal  women.  It  is  currently  unknown  what 
might  be  the  carcinogenic  agents  in  alcoholic 
beverages.  One  candidate  is  ethanol,  because  ethanol  is 
oxidized  to  acetaldehyde,  which  is  mutagenic  and 
carcinogenic  in  laboratory  animals.  The  principle 
pathway  for  ethanol  oxidation  is  through  alcohol 
dehydrogenase.  In  order  to  study  the  risk  of  alcohol 
drinking  in  the  context  of  ethanol  metabolism,  we 
studied  the  alcohol  dehydrogenase  3  gene  [ADH3)  .  In 
this  study,  we  found  that  women  who  would  be  predicted 
to  have  an  increased  capacity  to  form  acetaldehyde 
{ADH3^~^}  ,  had  an  odds  ratio  of  3.0  (95%  C.I.=1.3,  6.6) 
in  high  drinkers  compared  to  low  or  nondrinkers . 
Compared  to  women  who  would  have  a  decreased  capacity 
{ADH3^'^)  ,  there  was  a  3.3-fold  risk  (95%  C.I.=0.9, 

12.9) .  For  more  detailed  tables,  see  Appendix  C.  This 
work  has  resulted  in  an  oral  presentation  at  the 
American  Association  of  Cancer  Research  Annual  Meeting. 
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•  Apolipoprotein  E  is  involved  in  the  production  of  VLDL 
and  other  parts  of  cholesterol  metabolism.  Several 
studies  have  related  low  cholesterol  levels  to  breast 
cancer  risk.  The  apoE  gene  is  polymorphic,  where  some 
variants  raise  cholesterol  leyels  and  others  lower 
them.  We  therefore  measured  apoE  genotypes  in  both  the 
pre-  and  postmenopausal  women.  The  statistical 
analysis  is  continuing. 

•  Our  previous  results  indicated  that  a  polymorphism  in 
cytochrome  P450IAI  is  related  to  breast  cancer  in 
postmenopausal  women  with  low  tobacco  use.  There  also 
was  a  non-significant  trend  for  GSTMl  in  younger 
postmenopausal  women.  Both  of  the  enzymes  are  involved 
in  the  activation  and  detoxification,  respectively,  of 
polycyclic  aromatic  hydrocarbons.  The  status  of  the 
genotyping  for  GSTMl,  CYPlAl  and  GST-T  in  premenopausal 
women  is  shown  in  Appendix  D.  Upon  completion  of 
quality  control  samples,  the  data  will  be  analyzed  in 
the  context  of  breast  cancer  risk.  Another  enzyme 
involved  in  this  pathway  is  microsomal  epoxide 
hydrolase.  There  are  two  polymorphic  sites  that  result 
in  a  decrease  of  activity  by  40%.  The  measurement  of 
MEH  in  pre-and  postmenopausal  women  is  almost  complete. 
The  current  status  is  presented  in  Appendix  E. 

•  Cytochrome  P450IID6  has  been  associated  with  lung 
cancer  and  breast  cancer.  Its  "‘metabolic  substrate  is 
unknown,  but  it  may  be  a  tobacco- specif ic  nitrosamine. 
We  are  measuring  the  activity  of  this  gene  by  PCR. 
Assays  (4  different  polymorphic  sites)  are  almost 
complete  for  pre-  and  postmenopausal  women.  The 
current  status  is  presented  in  Appendix  F. 

•  We  assessed  a  CYP2E1  genetic  polymorphism  (intron  6 ; 
Dral  restriction  enzyme  site)  as  a  risk  factor  for 
breast  cancer  in  both  pre-  and  postmenopausal  women. 
Because  If-nitrosamines  are  metabolically  activated  by 
cytochrome  P450IIE1  (CYP2E1} ,  the  risk  among  women 
smokers  was "investigated.  The  allelic  frequencies  for 
the  premenopausal  (D  allele=0.91  and  C  allele=0.09) 
and  postmenopausal  (D  allele=0.93  and  C  allele=0.07) 
women  were  similar  to  previous  reports  in  the 
literature.  There  was  no  statistically  significant 
association  for  the  CYP2E1  and  breast  cancer  risk  for 
pre-  or  postmenopausal  women  (adjusted  OR=1.04,  95% 
C.I.=  0.48,  2.24  and  OR  =  1.01,  95%  C.I.  =  0.0.55, 

1.84,  respectively).  When  women  were  categorized  as 
non-smokers  versus  smokers  (sijaoking  more  than  one 
cigarette  per  week  for  more  than  one  year) , 


8 


> 


premenopausal  women  with  one  or  two  C  alleles,  who  had 
a  history  of  smoking,  were  found  be  at  increased  risk 
(unadjusted  O.R.  =  7.00,  95%  C.I.  =  0.75,  14.53  and 
adjusted  O.R.  =  11.09,  95%  C.I.  =  1.51,  81.41), 
although  the  number  of  study  subjects  with  this 
genotype  was  small.  The  small  number  of  study  subjects 
with  a  C  allele  precluded  a  meaningful  classification 
by  level  of  smoking  within  smokers,  but  categorization 
of  smokers  into  two  groups  (above  and  below  the  median) 
also  suggested  the  increase  risk.  Premenopausal  women 
with  the  DD  genotype  and  postmenopausal  women  with  any 
genotype  were  not  at  increased  risk.  Breast  cancer  risk 
was  not  related  to  the  CYP2E1  genotype  in  either 
premenopausal  non-smokers  or  smokers  (adjusted  O.R.  = 
0.66,  95%  C.I.  =  0.20,  2.17  and  O.R.  =  2.13,  95%  C.I.  = 
0.0.60,  7.59,  respectively)  or  postmenopausal  non- 
smokers  or  smokers  (O.R.  =  0.90,  95%  C.I.  =  0.34,  2.35 
and  O.R.  =  1.02,  95%  C.I.  =  0.46,  2.23,  respectively), 
although  the  difference  in  the  odds  ratios  for 
premenopausal  non-smokers  and,, smokers  suggests  an 
increased  risk  for  smokers.  While  there  are 
limitations  to  this  study,  particularly  related  to  the 
small  number  of  subjects  with  the  DC  or  CC  genotype, 
the  study  suggests  that  some  women  might  be  susceptible 
to  tobacco  smoke  because  of  a  CYP2E1  polymorphism. 
However,  these  results  are  preliminary  and  must  be 
replicated.  A  manuscript  summarizing  this  data  was 
published  in  Molecular  Carcinogenesis  appears  in 
Appendix  G. 

3.  P53  Mutational  Spectra  Analysis 

•  Blocks  from  91  individuals  have  been  obtained  and  have 
been  sectioned.  P53  immunohistochemistry  staining  has 
been  done  for  them.  We  have  identified  appropriate 
controls  for  sequencing  to  ensure  quality  control  and 
no  contamination  of  wild-type  DNA.  We  have  identified 
these  controls  from  lung  cancer  samples.  There  are  20 
controls  that  contain  mutations  in  each  of  the  4  exons 
of  interest.  We  have  also  prepared  blocks  of  cell 
lines  with  known  p53  mutations,  which  also  will  be  used 
as  controls.  The  methods  to  perform  the  SSCP  and 
sequencing  are  now  being  optimized  and  finalized  for 
these  samples.  At  the  present  time,  we  are  considering 
increasing  the  analysis  to  include  exons  II  -  XI  to 
increase  the  specificity  and  power. 

4.  Ancillary  Studies 

•  We  have  developed  the  technique  in  our  laboratory, 
based  upon  previously  published  methods,  to  isolate 
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breast  epithelial  cells  and  culture  them  in  a  sterile 
environment.  Thus  far  we  have  established  over  40  cell 
strains.  In  these  cells,  we  have  determined  that  4- 
aminobiphenyl  is  metabolically  activated  through 
cytotoxicity  experiments,  and  are  now  defining  optimal 
timing  and  dose  response  relationships.  Both 
metabolites  of  4-ABP  and  parent  4-ABP  are  active  in 
producing  cell  death,  suggesting  the  presence  of  NATl 
and  CYP1A2  in  these  cells.  Preliminary  genotyping  for 
NAT2  does  not  show  a  difference  in  metabolic  activity, 
but  additional  samples  and  genotyping  for  NATl  is 
underway.  We  are  also  now  identifying  the  p53 
induction  and  apoptosis  in  relation  to  the  exposures. 
Our  data  indicates  that  p53  is  induced  after  exposure 
to  4-ABP.  The  current  data  is  presented  in  Appendix  H. 

DNA  adducts  will  be  measured  using  the 
post labeling  ADAM  procedure  and  radiolabeled  compounds 
will  also  allow  us  to  measure  adducts  using  accelerator 
mass  spectroscopy.  Chemical  standards  have  been 
synthesized  to  calibrate  the  assay  and  optimizing 
labeling  conditions  is  in  progress.  The  current  data 
is  presented  in  Appendix  I. 


An  understanding  of  why  people  smoke  cigarettes  can 
have  an  important  impact  upon  smoking  prevention  and 
cessation.  People  smoke  cigarettes  to  maintain 
nicotine  levels  in  the  body,  and  nicotine  has  been 
implicated  in  the  stimulation  of  brain  reward 
mechanisms  via  central  neuronal  dopaminergic  pathways. 
We  recruited  smokers  (n=283)  and  nonsmokers  (n=192) 
through  local  media  for  a  case-control  study  of 
smoking.  Following  informed  consent  and  a  behavioral 
questionnaire,  smokers  underwent  a  single  minimal 
contact  session  of  smoking  cessation  counseling,  and 
then  were  followed  for  up  to  one  year.  Thus  far,  we 
have  found  that  there  is  an  interaction  for 
polymorphisms  with  the  dopamine  transporter  gene  and 
the  dopamine  D2  receptor  for  smoking  risk  (P=0.001)  and 
the  combination  of  the  two  genotypes  reduces  the  risk 
of  smoking  by  more  than  half.  This  manuscript  has  been 
submitted  to  Nature  Medicine.  The  data  is  presented  in 
Appendix  J. 

In  this  study,  we  also  evaluated  the  association 
of  smoking  and  smoking  cessation  with  a  dopamine  D4 
receptor  48  base  pair  variable  nucleotide  tandem  repeat 
polymorphism,  where  the  7  repeat  allele  (D4.7)  reduces 
dopamine  affinity.  The  frequency  of  the  dopamine  D4 
receptor  genetic  polymorphism  using  PCR  was  determined 
and  individuals  were  classified  by  the  number  of  repeat 
alleles  (2-5  repeats  as  “S”  and  6-8  repeats  as  “L”)  . 
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Persons  with  those  genotypes  including  only  S  alleles  ( 
homozygote  S/S)  were  compared  with  those  with  at  least 
one  L  allele  (heterozygote  S/L  and  homozygote  L/L) . 

Chi  Square  Tests  of  Associatidn,  Fisher's  Exact  Test. 
The  data  show  that  African  Americans  (n=72)  who  had  at 
least  one  L  allele  had  a  higher  risk  of  smoking 
(OR=7.7,  95%  C.I.=1.5,  39.9;  P=0.006),  shorter  time  to 
the  first  cigarette  in  the  morning  (P=0.03)  and  earlier 
age  at  smoking  initiation  (P=0.09),  compared  with 
homozygote  S/S  genotypes.  Following  smoking  cessation 
counseling,  none  of  the  African  American  smokers  with 
an  L  allele  were  abstinent  at  two  months,  compared  with 
35%  of  the  smokers  who  were  homozygote  S/S  (P=0.02) . 

The  analysis  of  Caucasians  (n=403)  did  not  suggest  a 
similar  smoking  risk  for  the  D4  genotypes  (O.R.  =  1.0; 
95%  C.I.  =  0.6,  1.6;  P=0.90),  or  smoking  cessation 
(P=0.75) .  While  the  number  of  African  Americans  is 
small,  this  study  is  consistent  with  the  hypothesis 
that  the  L  alleles  increase  the  risk  of  smoking  because 
these  individuals  are  prone  to  use  nicotine  to 
stimulate  synaptic  dopamine  transmission.  A  single 
minimal  contact  session  of  cessation  counseling  is 
ineffective  in  African  Americans  smokers  who  have  at 
least  one  L  allele.  This  manuscript  has  been  submitted 
to  the  Journal  of  the  American  Medical  Association.  The 
data  is  presented  in  Appendix,.K. 


CONCLUSIONS 

The  findings  of  an  association  of  smoking  and  breast  cancer 
in  Caucasian  women  with  the  slow  NAT2  acetylation  genotype  is 
very  important  because  approximately  50%  of  women  are  slow 
acetylators.  This  results  in  a  large  attributable  risk.  The 
findings  need  to  be  reproduced  and  examined  in  other  races.  We 
are  currently  doing  that .  Laboratory  studies  also  need  to 
corroborate  this  finding  by  examining  the  metabolic  potential  in 
rapid  and  slow  acetylators.  Recent  studies  showing  that  breast 
cells  contain  acetyltansf erase  activity  and  our  studies  described 
above  are  consistent  with  the  epidemiological  data,  but  adduct 
studies  also  are  needed.  The  development  of  the  ADAM  procedure 
will  provide  data  for  intermediate  endpoints,  which  presumably 
reflect  breast  cancer  incidence.  Thus,  the  application  of  this 
procedure  for  aromatic  amine  adducts  in  cell  strains  and  parent 
tissues  may  provide  important  corroborative  data  for  the 
epidemiological  findings.  Finally,  the  p53  mutational  spectra 
will  also  provide  data  on  intermediate  endpoints  and  also 
possibly  identify  the  effects  of  acetyltansferase  on  ultimate 
outcome . 

The  findings  of  increased  alcohol-related  breast  cancer 
depending  on  the  alcohol  dehydrogenase  gene  has  important 
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implications  for  risk.  First,  if  corroborated,  the  data  indicate 
that  acetaldehyde,  which  is  the  reactive  metabolite  of  ethanol, 
is  related  to  breast  carcinogenesis.  Second,  the  data  indicate 
that  tissues  distant  from  the  liver  are  affected.  Third,  the 
data  identifies  a  particular  subpopulation  of  women  who  might  be 
more  susceptible  to  alcohol. 

As  follow-up  to  smoking  related  risk,  the  ability  to  prevent 
smoking  addiction  and  increase  smoking  cessation  has  the  greatest 
potential  impact  from  a  public  health  and  individual  health 
perspective.  The  identification  of  polymorphisms  in  the  dopamine 
receptor  genes  and  dopamine  transporter  genes  may  be  able  to 
identify  optimal  prevention  strategies.  More  importantly,  the 
data  suggests  which  type  of  smoking  cessation  therapy  might  be 
optimal  for  African  Americans. 
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Cigarette  Smoking,  /V-Acetyltransferase  2 
Genetic  Polymorphisms, 
and  Breast  Cancer  Risk 

Christine  B.  Ambrosone,  PhD;  Jo  L.  Freudenheim,  PhD;  Saxon  Graham,  PhD;  James  R.  Marshall,  PhD; 
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Kari  A.  Gillenwater;  Anita  M.  Harrington;  Peter  G.  Shields,  MD 


Objective.— To  determine  if  A/-acetyltransferase  2  {NAT2)  polymorphisms  resuit 
in  decreased  capacity  to  detoxify  carcinogenic  aromatic  amines  in  cigarette  smoke, 
thus  making  some  women  who  smoke  more  susceptible  to  breast  cancer. 

Design. — Case-control  study  with  genetic  analyses.  DNA  analyses  were  per¬ 
formed  for  3  polymorphisms  accounting  for  90%  to  95%  of  the  slow  acetylation 
phenotype  among  whites. 

Setting  and  Participants. — White  women  with  incident  primary  breast  cancer 
(n=304)  and  community  controls  (n=327). 

Results. — Neither  smoking  nor  NAT2  status  was  independently  associated  with 
breast  cancer  risk.  There  were  no  clear  patterns  of  increased  risk  associated  with 
smoking  by  NAT2  status  among  premenopausal  women.  In  postmenopausal 
women,  NAT2  strongly  modified  the  association  of  smoking  with  risk.  For  slow 
acetylators,  current  smoking  and  smoking  in  the  distant  past  increased  breast  can¬ 
cer  risk  in  a  dose-dependent  manner  (odds  ratios  [95%  confidence  intervals]  for  the 
highest  quartile  of  cigarettes  smoked  2  and  20  years  previously,  4.4  [1 .3-14.8]  and 
3.9  [1 .4-1 0.8],  respectively).  Among  rapid  acetylators,  smoking  was  not  associated 
with  increased  breast  cancer  risk. 

Conclusions. — Our  results  suggest  that  smoking  may  be  an  important  risk  factor 
for  breast  cancer  among  postmenopausal  women  who  are  slow  acetylators,  dem¬ 
onstrate  heterogeneity  in  response  to  carcinogenic  exposures,  and  may  explain  pre¬ 
vious  inconsistent  findings  for  cigarette  smoking  as  a  breast  cancer  risk  factor. 

JAMA.  1996-,276:1494-1501 
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CIGARETTE  SMOKING  is  a  risk  fac¬ 
tor  for  many  human  cancers,  at  organ 
sites  with  both  direct  and  indirect  con¬ 
tact  with  tobacco  smoke.'  Most  epide¬ 
miologic  studies  have  not  found  a  clear 
association  between  smoking  and  breast 
cancer  risk^"'^;  some  report  elevated 
breast  cancer  risk,'®'^'  while  others  re¬ 
port  decreased  risk.®®'®^  No  study  has 
considered  genetic  variability  in  suscep¬ 
tibility  to  cigarette  smoke  carcinogens. 


For  editorial  comment  see  p  1511. 


Mutagens  from  cigarette  smoke  come 
into  direct  contact  with  breast  epithelial 
cells.  Nipple  fluid  aspirated  from  smok¬ 
ers  contains  nicotine  metabolites®®  and  is 
mutagenic.®®  Tobacco-related  carcinogen- 
DNA  adducts  in  human  breast  tissue  have 
been  identified.®^"®®  Aromatic  amines  found 
in  tobacco  smoke,  such  as  4-aminobi- 
phenyl  and  p-naphthylamine,  could  be  mu¬ 
tagenic  and  carcinogenic  because  they  are 
metabolically  activated  and  cause  DNA 
damage  in  human  breast  epithelial 
cells,®®'®®  transform  cultured  mouse  mam¬ 
mary  epithelial  cells,®'  and  induce  mam¬ 
mary  tumors  in  laboratory  animals.®®®® 
Aromatic  amines  are  detoxified  and/or 
bioactivated  by  xenobiotic  metabolizing 
enzymes,  including  W-acetyltransferase 
2  (NAT2).  The  activity  level  of  this  en¬ 
zyme  determines  the  rates  of  detoxifica¬ 
tion  and  activation  of  aromatic  amines  in 
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humans For  NAT2,  phenotypic  and  ge¬ 
notypic  assays  are  used  to  classify  indi¬ 
viduals  as  rapid  or  slow  acetylators.®'^ 
Slow  NAT2  acetylators  are  at  increased 
risk  for  urinary  bladder  cancer,  particu¬ 
larly  with  occupational  exposure  to  aro¬ 
matic  amines?®’'*'’  NAT2  is  also  involved 
in  0-acetylation  of  amine  metabolites,  and 
rapid  NAT2  acetylation  of  heterocyclic 
amines  formed  in  cooking  meat  may  be 
related  to  colon  cancer  risk.'*'"''’’  Exami¬ 
nation  of  the  NAT2  phenotype  in  breast 
cancer  has  shown  inconsistent  results,**’'** 
but  phenotypes  may  be  altered  by  dis¬ 
ease  or  treatment  status.  We  hypothesized 
that  polymorphisms  in  NAT2  may  result 
in  decreased  capacity  to  detoxify  carci¬ 
nogenic  aromatic  amines  in  cigarette 
smoke,  thus  increasing  susceptibility  to 
breast  cancer. 

SUBJECTS  AND  METHODS 
Study  Population 

These  analyses  are  based  on  data  from 
an  earlier  case-control  study  (1986-1991) 
of  617  premenopausal  and  933  postmeno¬ 
pausal  white  women  in  New  York."*®  Pro¬ 
tocols  for  the  initial  study  and  the  nested 
study  of  genetic  polymorphisms  were 
reviewed  by  the  State  University  of  New 
York  at  Buffalo  Institutional  Review 
Board.  Written  informed  consent  for  in¬ 
terview  and  medical  record  review  was 
obtained  from  participants.  The  criteria 
for  postmenopausal  status  in  women  un¬ 
der  the  age  of  50  years  were  natural 
menopause,  bilateral  oophorectomy,  or 
irradiation  to  the  ovaries;  in  women  aged 
50  years  and  older,  the  criterion  was 
cessation  of  menstruation. 

Cases,  identified  from  all  major  hos¬ 
pitals  in  Erie  and  Niagara  counties,  were 
women  with  incident  primary,  histologi¬ 
cally  confirmed  breast  cancer.  Controls 
were  fi’equency-matched  to  cases  by  age 
and  county  of  residence.  Women  under 
65  years  of  age  were  randomly  selected 
fi-om  the  New  York  State  Motor  Ve¬ 
hicle  Registry,  while  those  65  and  over 
were  selected  fi-om  Health  Care  Financ¬ 
ing  Administration  rolls.  Of  premeno¬ 
pausal  women  contacted,  66%  of  eligible 
cases  (n=301)  and  62%  of  eligible  con¬ 
trols  (n=316)  participated,  and  of  post¬ 
menopausal  women,  54%  of  eases  (n=439) 
and  44%  of  controls  (n=494)  partici¬ 
pated.  After  informed  consent  was 
obtained,  an  in-person  interview  was  ad¬ 
ministered  to  assess  medical,  reproduc¬ 
tive,  and  lifetime  smoking  history  and 
usual  food  consumption  2  years  prior  to 
the  interview.  While  efforts  were  made 
for  interviewers  to  be  blinded  to  case- 
control  status,  in  many  cases,  due  to  the 
nature  of  the  interview,  this  was  not  pos¬ 
sible.  However,  during  the  interview,  in¬ 
terviewers  and  investigators  were  not 


aware  of  the  genetic  hypotheses. 

About  45%  of  premenopausal  and  63% 
of  postmenopausal  women  interviewed 
provided  blood  samples,  with  written 
informed  consent  for  blood  analyses.  In 
premenopausal  women,  there  were  no 
statistically  significant  (P<.05)  differ¬ 
ences  in  socioeconomic,  hormonal,  re¬ 
productive,  or  dietary  factors  between 
those  giving  and  not  giving  blood,  and  in 
postmenopausal  cases,  only  slight  dif¬ 
ferences.  Postmenopausal  controls  pro¬ 
viding  samples  had  a  greater  mean  num¬ 
ber  of  pregnancies  (3.5  vs  2.9,  P<.01) 
and  fewer  years  of  smoking  (30  vs  33, 
P=.14)  than  those  who  did  not.  There 
were  more  never-smokers  among  con¬ 
trols  who  consented  to  phlebotomy  (67% 
vs  62%)  (P=.07).  DNA  analyses  were 
performed  for  cases  and  controls  whose 
specimens  had  adequate  DNA. 

Laboratoty  Methods 

Whole  blood  was  collected  in  plain  red- 
top  tubes  and  transported  within  3  hours, 
on  ice,  to  the  laboratory,  where  it  was 
processed  immediately.  Specimens  were 
centrifuged  and  serum  was  pipetted  into 
vials.  Two  aliquots  of  clots  (1  mL  each) 
were  preserved  and  stored  at  -70°C.  For 
this  study  the  1-mL  blood  clots  were 
thawed,  mechanically  disrupted  (Brink- 
man  Instruments  Polytron,  Westbury, 
NY)  for  10  seconds,  and  digested  with 
proteinase  K  (Life  Technologies,  Grand 
Island,  NY)  at  55°C  for  8  to  12  hours  in 
5  mL  of  buffer  containing  10-mmol/L  Tris 
hydrochloride,  pH  7.8;  50-mmol/L  ethy- 
lenediaminetetraacetic  acid  (EDTA);  and 
0.5%  sodium  dodecyl  sulfate.  Phenol  (5 
mL)  was  added  to  the  sample,  which  was 
mixed  gently  for  1  hour.  After  centrifu¬ 
gation,  the  aqueous  phase  was  trans¬ 
ferred  to  a  clean  tube.  The  phenol  phase 
was  mixed  with  additional  buffer  (2  mL 
of  10-mmol/L  Tris  hydrochloride,  pH  8.0, 
and  0.1-mmol/L  EDTA)  and  centrifuged, 
and  the  aqueous  phases  were  combined. 
The  sample  was  extracted  with  equal 
volumes  of  phenol:chloroform:isoamyl  al¬ 
cohol  (25:24:1  vol/vol),  and  DNA  was  pre¬ 
cipitated  with  sodium  acetate  (pH  5.2; 
final  concentration,  0.3  mol/L)  and  2.5 
volumes  of  ethanol.  Yields  of  DNA  were 
5  to  20  p,g  per  sample.  Genomic  DNA  (30 
ng)  was  amplified  by  polymerase  chain 
reaction  (P(5R)  in  the  presence  of  prim¬ 
ers  specific  for  NATS^  (5'-TCTAGCAT- 
GAATCACTCTGC  and  5'-GGAA- 
CAAATTGGACTTGG),  buffer  (10- 
mmol/L  Tris  hydrochloride,  pH  8.3;  50- 
mmol/L  potassium  chloride;  and  3-mmol/L 
magnesium  chloride),  0.15-mmol/L  2'- 
deoxynucleoside-3'-triphosphates  (Phar¬ 
macia,  Piscataway,  NJ);  and  2.5  U  of  Taq 
polymerase  (Perkin  Elmer,  Norwalk, 
Conn)  in  a  total  volume  of  100  jxL.  An 
aliquot  (18  p,L)  was  then  subjected  to  re¬ 


striction  fragment  length  polymorphism 
(RFLP)  analysis  for  the  C'**’T  (Kpnl) 
(New  England  Biolabs,  Beverly,  Mass), 
qkioa  (aToql)  (New  England  Biolabs),  and 
the  G*®’A  (BamHl)  (New  England  Bio¬ 
labs)  polymorphisms,  according  to  the 
manufacturer’s  instructions  (nomencla¬ 
ture  for  N-acetyltransferases  as  pub¬ 
lished™).  These  3  polymorphic  sites  pre¬ 
dict  90%  to  95%  of  slow  acetylation 
phenotype  among  whites.™’®*  Agarose  gel 
electrophoresis  (2.2%  for  the  C‘*®*T  and 
C857A;  4%  for  the  C*®®A;  NuSieve: 
Agarose,  3:1,  FMC  Bioproducts,  Rock¬ 
land,  Me)  was  used  to  detect  RFLP  pat¬ 
terns.  Each  individual  was  classified  as  a 
rapid  acetylator  (carrying  0  or  1  slow  acety- 
lator  mutation)  or  slow  acetylator  (carry¬ 
ing  2  slow  acetylator  mutations).™’®*'  As¬ 
says  were  performed  and  interpreted  by 
2  of  the  authors  (A.H.  and  P.G.S.),  who 
were  blinded  to  subject  status.  A  second 
analysis  was  done  to  confirm  the  original 
findings.  In  the  second  analysis,  33  samples 
were  excluded  because  of  faint  electro¬ 
phoretic  bands  due  to  suboptimal  DNA 
quality. 

Statistical  Analyses 

Bivariate  analyses  were  used  to  ex¬ 
amine  the  association  between  NAT2 
status  and  breast  cancer  risk.  Odds  ra¬ 
tios  (ORs)  and  95%  confidence  intervals 
(CIs)  were  calculated  by  unconditional 
logistic  regression  and  adjusted  for  po¬ 
tential  confounding  factors  including  age, 
education,  body  mass  index  (weight  in 
kilograms  divided  by  the  square  of  height 
in  meters  with  weight  being  the  reported 
value  2  years  prior  to  interview),  age  at 
menarche,  age  at  first  pregnancy,  re¬ 
ported  family  history  of  breast  cancer 
(mother  and/or  sister),  and  age  at  meno¬ 
pause.  Hormone  replacement  therapy 
was  not  associated  with  breast  cancer 
risk,  and  its  inclusion  in  the  model  did 
not  affect  risk  estimates.  Unadjusted 
and  adjusted  ORs  were  similar;  adjusted 
ORs  are  shown.  The  P  for  trend  was 
calculated  as  level  of  significance  of  the 
(3  coefficient  (indicative  of  the  amount  of 
increase  in  risk  per  unit  change  in  the 
independent  variable)  for  each  continu¬ 
ous  variable  in  the  logistic  regression 
model  with  relevant  adjusting  variables. 

Smoking  effect  in  relation  to  breast 
cancer  risk  was  examined  within  strata 
of  NAT2  genotypes.  Association  be¬ 
tween  risk  and  recent  smoking  (ciga¬ 
rettes  smoked  2  years  previously)  and 
smoking  in  the  distant  past  (cigarettes 
smoked  20  years  previously)  was  as¬ 
sessed.  Past  smoking  was  assessed  due 
to  probable  latency  for  breast  carcino¬ 
genesis  and  possible  damage  to  breast 
epithelial  cells  during  breast  growth. 
Packs  per  average  year  was  calculated 
as  weighted  average  of  daily  use,  and 


JAMA,  November  13,  1996— Vol  276,  No.  18 


16 


Smoking,  NAT2,  and  Breast  Cancer — Ambrosone  et  al  1495 


total  duration  of  smoking  was  assessed. 
Pack-years,  an  estimate  of  total  smok¬ 
ing  exposure,  was  calculated  as  weighted 
average  of  daily  use  multiplied  by  total 
years  of  smoking.  We  had  smoking  in¬ 
formation  of  2, 10  (data  not  shown),  and 
20  years  before  the  interview.  The 
weighted  average  was  the  number  of 
cigarettes  smoked  at  each  time  period 
multiplied  by  6  years  and  divided  by  the 
total  number  of  years  of  smoking  expo¬ 
sure.  Smoking-related  variables  were 
stratified  into  quartiles  based  on  ap¬ 
proximately  uniform  distribution  of 
smoking  in  controls,  with  never-smok- 
ers  as  referent  category.  When  we  as¬ 
sessed  smoking  2  and  20  years  previ¬ 
ously,  we  excluded  persons  not  smoking 
then  but  having  previously  smoked. 
Thus,  the  sample  size  varied  among 
smoking  variables. 

Postmenopausal  controls  consenting 
to  phlebotomy  smoked  less  than  non¬ 
participating  controls.  To  eliminate  this 
nondifferential  bias  and  supplement  as¬ 
sessment  of  acetylator  status  effects,  2 
additional  approaches  were  used.  One 
was  a  case-series  design  in  which  smok¬ 
ing-related  variables  were  regressed  on 
acetylator  status  among  cases  only,  com¬ 
paring  genotypes  in  terms  of  the  degree 
to  which  smoking  was  a  risk  factor.  The 
resultant  OR  was  the  ratio  of  risk  as¬ 
sociated  with  smoking  for  slow  vs  rapid 
acetylators,  a  supported  method  for 
studies  incorporating  genetic  markers. 
Analyses  based  only  on  cases  may  offer 
better  precision  for  estimating  gene-en¬ 
vironment  interactions  than  those  based 
on  case-control  data.^'’®^ 

The  other  approach  was  a  model  in 
which  a  subset  of  cases  and  subset  of 
controls  were  matched  on  smoking  by 
randomly  selecting  equal  numbers  of 
cases  and  controls  within  smoking  quar¬ 
tiles  (before  stratification  by  genotype) 
with  intent  to  eliminate  selection  bias 
related  to  smoking.  Odds  ratios  were 
set  to  1.0  at  each  quartile  of  exposure 
for  smoking-related  variables.  Data  were 
stratified  by  acetylator  status,  and  as¬ 
sociations  between  smoking  and  risk 
were  evaluated. 

RESULTS 

Prevalence  of  genotypes  as  deter¬ 
mined  by  assessment  of  each  of  the  3 
NAT2  mutant  alleles  (ie,  C^“T,  G™A, 
and  G^^’A)  among  cases  and  controls  is 
shown  for  premenopausal  and  postmeno¬ 
pausal  women  (Table  1).  Interpretable 
PCR  assays  resulted  in  genetic  data  for 
233  premenopausal  and  398  postmeno¬ 
pausal  women  (83%  and  71%,  respec¬ 
tively)  (Figure  1).  There  were  no  sta¬ 
tistically  significant  differences  between 
persons  with  and  without  successful 
PCR  amplification  for  demographic, 


Table  1. — W-Acetyltransferase  2  Polymorphisms  for  Cases  and  Controls:  Western  New  York  Breast  Cancer 


Study,  1986  to  1991* 

Premenopausal 

Postmenopausal 

1 

Case 

Control 

1 

Total 

1 

Case 

Control 

I 

Total 

Rapid  acetylators 
WT/WT 

7 

9 

16 

13 

17 

30 

wr/c*'T 

26 

22 

48 

40 

45 

85 

WT/G®*>A 

17 

18 

35 

26 

29 

55 

\A/T/G»®'A 

1 

0 

1 

1 

9 

10 

All 

51  (43) 

49  (43) 

100(43) 

80  (43) 

100  (47) 

180  (45) 

Slow  acetylators 

26 

24 

50 

42 

49 

91 

C“'T/G®*>A 

27 

26 

53 

43 

48 

91 

C''“'T/G“=to 

4 

2 

6 

5 

4 

9 

G®“A/G®»A 

9 

13 

22 

13 

8 

21 

G®“A/G«®to 

2 

0 

2 

2 

4 

6 

G“WG“'A 

0 

0 

0 

0 

0 

0 

All 

68  (57) 

65  (57) 

’133  (57) 

105  (57) 

113(53) 

218  (55) 

*WT  indicates  wild-type  allele  in  which  the  C®'!,  G®®A,  and  G®®'A  slow  acetylator  mutations  are  absent.  Slow 
acetylators  carry  2  of  any  of  these  mutations.  All  others  are  classified  as  rapid  acetylators.  Values  in  parentheses 
represent  percentages  of  rapid  and  slow  acetylators. 


C481T 


A/-Acetyltransferase  2  (NAT2)  Genotyping 
G=“A 


Kpn  I 


aTaq  I 


1  2  3 

rzin::; 


jjyn  4-*^  4m 
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BamHl 
1  2  3 


Figure  1 . — Detection  of  NAT2  slow  acetylator  mutations  in  polymerase  chain  reaction  (PCR)  products.  Ge¬ 
nomic  DNA  was  amplified  by  PCR®®  and  digested  by  restriction  enzymes.  Slow  acetylator  mutations  were 
examined:  C®*'!,  by  use  of  Kpn  I,  yields  659-  and  443-bp  (base  pair)  bands  for  wild-type  alleles  and  a  single 
1 093-bp  band  for  the  mutant  alleles  (left);  G®”A,  by  use  of  a  Taq\,  yields  381  -,  326-,  226-,  and  1 69-bp  bands 
for  wild-type  alleles  and  395-,  381 -,  and  326-bp  bands  for  the  mutant  alleles  (center);  and  G®®®A,  by  use  of 
BamH\,  yields  81 9-  and  283-bp  bands  for  the  wild-type  alleles  (283-bp  band  not  shown)  and  a  single  1 092- 
bp  band  for  the  mutant  alleles  (right).  Thus,  for  each  polymorphic  site,  homozygous  wild-type  (lane  1),  het¬ 
erozygote  (lane  2),  or  homozygous  mutant  (lane  3)  patterns  are  shown.  The  presence  of  2  mutant  alleles 
predicts  the  phenotypic  slow  acetylators. 


dietary,  smoking,  or  reproductive  vari¬ 
ables  (data  not  shown).  Fifty-seven 
percent  of  premenopausal  and  55%  of 
postmenopausal  women  were  classified 
as  slow  acetylators  (Table  2).  Slow  acety¬ 
lation  status  did  not  increase  breast  can¬ 
cer  risk. 

The  Student  t  test  was  used  to  assess 
statistical  mean  differences  between 
rapid  and  slow  acetylators  in  cases  and 
controls  for  selected  demographic,  re¬ 
productive,  and  smoking-related  vari¬ 
ables  (Tables  3  and  4).  In  premenopaus¬ 
al  women,  no  statistically  significant 
differences  between  these  variables 
were  seen  for  cases  or  controls,  and  in 
postmenopausal  women,  there  were  no 
statistically  significant  differences  be¬ 
tween  rapid  and  slow  acetylators  for 
demographic  or  reproductive  variables 
(Table  3).  In  postmenopausal  controls, 
no  statistically  significant  differences  by 


genotype  for  smoking  variables  were 
seen,  but  cases  differed  in  smoking  his¬ 
tories  by  N  AT2  genotype  (Table  4):  Slow 
acetylators  smoked  more  at  all  times, 
suggesting  a  relationship  to  disease  sta¬ 
tus  among  postmenopausal  women  with 
the  slow  acetylation  genotype. 

Among  postmenopausal  women,  ciga¬ 
rette  smoking  and  NAT2  genotype  in¬ 
teracted  with  breast  cancer  risk.  A  sta¬ 
tistical  test  for  interaction  that  regressed 
NAT2  status,  packs  of  cigarettes  smoked 
per  year,  and  their  product  on  risk  re¬ 
vealed  that  neither  acetylator  status 
(R= .71)  nor  smoking  status  (P= .80)  was 
independently  associated  with  breast 
cancer  risk,  but  an  interaction  between 
acetylator  status  and  smoking  status 
contributed  to  postmenopausal  breast 
cancer  risk  (P=.05). 

After  stratifying  by  NAT2  genotype, 
we  evaluated  associations  between 
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(Table  2.— W-Acetyltransferase  2  (AM  T2}  Polymorphisms  and  Breast  Cancer  Risk:  Western  New  York  Breast 
Cancer  Study,  1986  to  1991*  _ 


NAT2  Genotype 

Cases, 

No.  (%) 

Controls, 

No.  (%) 

Total, 

No.  (%) 

OR  (95%  Cl) 

Rapid  acetylators 

51  (43) 

Premenopausal 

49  (43) 

100  (43) 

1.0... 

Slow  acetylators 

68  (57) 

65  (57) 

133  (57) 

0.9  (0.7-2.0) 

Rapid  acetylators 

80  (43) 

Postmenopausal 

100(47) 

180(45) 

1.0... 

Slow  acetylators 

105  (57) 

113(53) 

218  (55) 

1.3  (0.8-1 .9) 

*The  odds  ratios  (ORs)  and  95%  confidence  intervals  (CIs)  were  calculated  with  unconditional  logistic  regression, 
with  rapid  acetylalors  (individuals  with  <2  mutant  alleles)  as  the  reference  category  (ellipses),  adjusted  for  age, 
education,  age  at  menarche,  age  at  first  pregnancy,  body  mass  index,  family  history  of  breast  cancer,  and  age  at 
menopause  for  postmenopausal  women. 


Table  3. — Af-Acetyltransferase  2  Polymorphisms  and  Demographic  and  Reproductive  Characteristics  for 
Cases  and  Controls:  Western  New  York  Breast  Cancer  Study,  1986  to  1991* 


Characteristic 

Premenopausal 

1 

Cases 

1 

Controls 

1 

Rapid 

Acetylators 

(n=51) 

1 

Slow 

Acetylators 

(n=68) 

1 

Rapid 

Acetylators 

(n=49) 

1 

Slow 

Acetylators 

(n=65) 

Age,  y 

47  (4) 

46(3) 

47(3) 

47(4) 

Education,  y 

14(3) 

14(3) 

13(3) 

14(3) 

Age  at  menarche,  y 

13(1) 

13(2) 

13(2) 

13(2) 

Age  at  first  pregnancy,  y 

24(6) 

24(5) 

22(4) 

23(4) 

Body  mass  index,  kg/m“ 

25(6) 

24(5) 

25(6) 

24(5) 

Postmenopausal 

1 

Cases 

1 

Controls 

1 

Rapid 

1 

Slow 

1 

Rapid 

1 

Slow 

Acetyiators 

Acetylators 

Acetylators 

Acetylators 

(n=80) 

(n=105) 

(n=100) 

(n=113) 

Age,  y 

62(7) 

63(7) 

64(8) 

63  (7) 

Education,  y 

13(3) 

12(3) 

12(3) 

12(3) 

Age  at  menarche,  y 

13(2) 

13(2) 

13(1) 

13(2) 

Age  at  menopause,  y 

47(6) 

48(6) 

47(6) 

47(6) 

Age  at  first  pregnancy,  y 

25  (5) 

24(5) 

23(4) 

23(4) 

Body  mass  index,  kg/m^ 

26(4) 

26  (6) 

26(4) 

26(6) 

♦Values  are  expressed  as  mean  (SD).  P<.05  for  the  Student  f-test  for  the  difference  between  the  means  of  rapid 
and  slow  acetylator  cases  and  controls. 


smoking-related  variables  and  breast 
cancer  risk.  In  premenopausal  women, 
no  clear  patterns  were  identified  by 
acetylator  status  (Table  5).  Risk  was 
elevated  in  rapid  acetylators  who  had 
smoked  20  years  before,  although  ORs 
and  trend  test  were  not  statistically  sig¬ 
nificant. 

In  postmenopaus^  slow  acetylators, 
strong  associations  between  smoking 
and  breast  cancer  risk  were  seen  (Table 
5).  For  them,  smoking  2  and  20  years 
previously  increased  breast  cancer  risk 
in  a  dose-dependent  manner  (OR  [95% 
Cl]  for  the  highest  quartile  for  smokers 
vs  never-smokers,  4.4  [1.3-14.8]  and  3.9 
[1.4-10.8],  respectively).  Although  breast 
cancer  risk  was  elevated  with  total  years 
of  smoking,  smoking  intensity  appeared 
more  important  than  duration  (Figure 
2).  Packs  per  average  year  significantly 
elevated  breast  cancer  risk  among  post¬ 
menopausal  slow  acetylators,  with  a 
3-fold  risk  for  smoking  more  than  1  pack 
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per  day  (P<.01).  Total  pack-years  of 
smoking  were  also  associated  with  el¬ 
evated  risk  in  this  group  (Table  5). 

Among  postmenopausal  rapid  acetyla¬ 
tors,  adjusted  risk  was  not  increased  by 
smoking.  For  cigarettes  smoked  20  years 
previously,  there  was  reduced  risk  at  the 
highest  quartile  of  use  (OR,  0.30;  95%  Cl, 
0.01-0.80).  Neither  smoking  intensity  nor 
smoking  duration  was  associated  with  in¬ 
creased  risk  in  postmenopausal  rapid 
acetylators  (Figure  2). 

As  explained  previously,  a  case-se¬ 
ries  analysis  was  used  to  assess  asso¬ 
ciations  among  smoking,  NAT2  status, 
and  postmenopausal  breast  cancer  risk. 
In  this  analysis,  NAT2  status  was  the 
dependent  variable  in  a  logistic  regres¬ 
sion  model  in  which  rapid  acetylator 
cases  served  as  comparison  group  to  slow 
acetylator  cases.  The  resultant  ORs  do 
not  reflect  actual  risk  of  breast  cancer, 
but  rather  the  ratio  of  risk  for  slow  vs 
rapid  acetylators.  Smoking-related  vari¬ 

18 


ables  were  regressed  on  acetylator  sta¬ 
tus;  the  effect  of  smoking  on  risk  ap¬ 
peared  to  vary  according  to  NAT2 
genotype.  Heavy  smokers  with  breast 
cancer  were  more  likely  to  be  slow  acety¬ 
lators  (Table  6).  Risk  was  almost  7  times 
greater  for  women  who  had  smoked 
more  than  a  pack  a  day  20  years  previ¬ 
ously  if  they  were  slow  vs  rapid  acety¬ 
lators  (OR,  6.6;  95%  Cl,  1.7-25.4),  and 
risk  associated  with  beginning  smoking 
at  or  before  the  age  of  16  years  was 
more  than  4  times  greater  for  slow  vs 
rapid  acetylators  (OR,  4.5,  95%  Cl,  1.3- 
14.9).  When  pack-years  smoked  were 
evaluated,  risk  was  almost  3  times 
greater  for  slow  acetylators  in  the  high¬ 
est  quartile  of  use. 

As  previously  explained,  we  evalu¬ 
ated  the  effect  of  acetylator  status  on 
the  association  between  smoking  and 
breast  cancer  risk  in  a  model  designed 
to  eliminate  overall  association  between 
smoking  and  risk,  in  which  postmeno¬ 
pausal  cases  and  controls  were  matched 
on  smoking,  with  an  OR  of  1.0  for  breast 
cancer  associated  with  each  quartile  of 
cigarette  use.  Cases  and  controls  were 
then  stratified  by  NAT2  genotype,  and 
divergent  patterns  related  to  smoking 
were  noted  between  genotypes.  Smok¬ 
ing  at  each  time  period  had  a  null  or 
negative  effect  on  breast  cancer  risk  in 
rapid  acetylators,  while  for  slow  acety¬ 
lators,  cigarette  smoking  was  associated 
with  increased  breast  cancer  risk  (Table 
7).  Risk  associated  with  age  at  which 
smoking  began  was  also  modified  by 
genotype;  slow  acetylators  who  began 
smoking  at  or  before  the  age  of  16  years 
were  at  highest  breast  cancer  risk.  For 
rapid  acetylators,  there  was  an  inverse 
association  between  risk  and  earlier  ini¬ 
tiation  of  smoking.  While  these  estimates 
of  risk  are  derived  from  contrived  sub¬ 
sets  of  data,  they  illustrate  heterogene¬ 
ity  in  risk  by  genotype  of  the  study  popu¬ 
lation  in  response  to  cigarette  smoking. 
Mantel-Haenszel  tests  were  performed 
on  the  unadjusted  categorical  data,  and 
trend  tests  shown  are  consistent  with 
results  from  the  other  methods  of  analy¬ 
sis.  When  analyses  were  repeated  using 
different  random-number  generators  to 
match  on  smoking,  associations  among 
NAT2  status,  smoking,  and  breast  can¬ 
cer  risk  were  similar. 

COMMENT 

Cigarette  smoking  appears  to  be  a 
risk  factor  for  breast  cancer  among  post¬ 
menopausal,  but  not  premenopausal, 
white  women  with  the  NAT2  slow  acety¬ 
lation  genotype.  Among  slow  acetyla¬ 
tors,  smoking  intensity,  rather  than 
smoking  duration,  most  greatly  affected 
breast  cancer  risk.  Smoking  at  a  young 
age  also  appeared  to  confer  risk.  Among 
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rJapid  acetylators,  neither  intensity  nor 
duration  of  smoking  increased  risk. 
When  examined  alone,  neither  NAT2 
genotype  nor  cigarette  smoking  was  in¬ 
dependently  associated  with  breast  can¬ 
cer  risk.  Differences  in  results  for  pre¬ 
menopausal  and  postmenopausal  women 
could  be  related  to  different  etiologic 
pathways  or  intrinsic  differences  in  the 
disease.  Also,  premenopausal  women, 
being  younger,  may  have  had  fewer 
years  of  exposure  to  tobacco,  or  not 
enough  elapsed  time  for  the  entire  car¬ 


cinogenic  process  to  develop. 

Laboratory  studies  indicate  that  aro¬ 
matic  amines  are  mammary  mutagens 
and  carcinogens  in  rodents  and  in  hu- 
mans.^’®’''^'’^  Aromatic  amines  are  bio¬ 
activated  and/or  detoxified  by  xenobi- 
otic  metabolizing  enzymes,  including 
cytochrome  P4501A2  (CYP1A2)  and  N- 
acetyltransferases  (NATl  and  NAT2). 
While  NAT2  is  the  focus  herein,  these 
other  enzymes  might  also  play  a  role  in 
breast  cancer.  Both  CYP1A2  and  NATl 
are  polymorphic,  although  the  genetic 


Table  4. — W-Acetyltransferase  2  Polymorphisms  and  Smoking  Characteristics  for  Cases  and  Controis: 
Western  New  York  Breast  Cancer  Study,  1 986  to  1 991  * 


basis  for  the  former  is  unknown.  A- Acety¬ 
lation  of  aromatic  amines  by  NAT2 
appears  to  be  a  detoxification  step  cata¬ 
lyzed  by  hepatic  NAT  enzymes,  a  path¬ 
way  competing  with  that  for  A-oxidation 
by  CYP1A2,  whereby  reactive  A-hy- 
droxy  metabolites  may  enter  the  circu¬ 
lation,  undergoing  further  activation  and 
binding  to  DN  A  in  target  tissues.®*  It  has 
been  suggested  that  NATl  is  more  ac¬ 
tive  in  breast  tissue  than  NAT2,^’*’“  but 
the  importance  of  hepatic  detoxification 
should  not  be  underestimated. 

The  role  of  aromatic  amines  in  breast 
cancer  may  be  analogous  to  that  in  uri- 


Premenopausal 

ing  is  a  risk  factor  for  bladder  cancer 

1 - 

Cases 

Controls 

1 

and  slow  acetylators  have  higher  circu¬ 
lating  levels  of  4-aminobiphenyl-hemo- 
globin  adducts,  reflecting  decreased 
clearance  of  reactive  arylamine  metabo¬ 
lites.®’*'®*'®^  NAT2  slow  acetylators  have 
an  increased  bladder  cancer  risk,  pre¬ 
sumably  because  of  decreased  liver  de¬ 
toxification  of  aromatic  amines.®®''*®'®®  Risk 

Characteristic 

1 - 

Rapid 

Acetyiators 

I 

Slow 

Acetylators 

1  1 

Rapid  Slow 

Acetylators  Acetylators 

Daily  cigarettes  2  y  ago 

22  (7) 

22  (15) 

23(16) 

25(15) 

Daily  cigarettes  20  y  ago 

18(7) 

17(11) 

18(12) 

20(14) 

Age  smoking  began,  y 

17(5) 

18(4) 

16(3) 

17(4) 

Total  duration  of  smoking,  y 

22  (9) 

19(9) 

23(8) 

22(10) 

Packs  per  average  year 

272(147) 

288  (216) 

292(179) 

336  (244) 

of  bladder  cancer  associated  with  smok- 

Pack-years 

19(14) 

19(17) 

21  (16) 

25  (23) 

ing  may  vary  by  NAT2  status,®*  although 

Postmenopausal 

results  have  been  inconsistent.®®’®®  Ani- 

1 - 

Cases 

Controls 

1 

mal  studies  indicate  that  mammary  and 
bladder  tissues  have  similar  sensitivi¬ 
ties  to  reactive  intermediates.®®  Aromatic 
amines  are  rodent  mammary  carcino¬ 
gens  if  activated  in  the  liver.®®  Thus, 
slow  acetylators  may  have  less  capacity 
to  detoxify  aromatic  amines,  leading  to 
an  increased  concentration  of  reactive 

1 - 

Rapid 

Acetylators 

- 1 

Slow 

Acetylators 

1  1 

Rapid  Slow 

Acetyiators  Acetylators 

Daily  cigarettes  2  y  ago 

21  (11) 

22(10) 

19(9) 

19(13) 

Daily  cigarettes  20  y  ago 

16(8)t 

24  (12)t 

21  (12) 

19(14) 

Age  smoking  began,  y 

21  (6) 

20(5) 

21(9) 

31  (9) 

Total  duration  of  smoking,  y 

30(13) 

33(13) 

33(13) 

31  (14) 

Packs  per  average  year 

285  (156)t 

397  (204)t 

276(170) 

290  (207) 

intermediates.  In  the  breast,  further  ac- 

Pack-years 

29  (18)t 

43  (27)t 

27  (20) 

29  (22) 

tivation  may  occur ,®’’®^  resulting  in  pro- 

♦Values  are  expressed  as  mean  (SD). 

tP<.01  for  the  Student  f  test  for  the  difference  between  the  means  of  rapid  and  slow  acetylator  cases  and  controls. 

mutagenic  carcinogen-DN  A  adducts  and 
carcinogenesis. 

Table  5. — Breast  Cancer  Risk  and  Cigarette  Smoking  by  Acetylator  Genotype:  Western  New  York  Breast  Cancer  Study,  1986  to  1991* 

Premenopausal 

Postmenopausal 

1 

Rapid  Acetyiators 

1 

Slow  Acetylators 

1  1 
Rapid  Acetylators  Slow  Acetylators 

Quartile 

1 

Case  Controi 

- 1  1 

OR  (95%  Cl)  Case 

1 

Control  OR  (95%  Cl) 

1  1  1  1 
Case  Control  OR  (95%  Cl)  Case  Control  OR  (95%  Cl) 

Daily  cigarettes  2  y  ago 

None 

18  25 

1.0  ...  27 

31  1.0  ... 

43 

50 

1.0  ...  41  59  1.0  ... 

£15 

2  5 

0.7  (0.1 -4.6)  6 

7  06(0.1-2.5) 

6 

7 

1.8(0.5-6.5)  6  12  0.8(0.3-2.5) 

16-20 

10  4 

4.5(1.0-20.6)  12 

4  3.5(0.9-14.2) 

8 

11 

1.0(0.3-3.0)  21  11  3.2(1. 3-7.8) 

>20 

4  5 

0.7(0.1-4.2)  4 

10  0.4(0.1-17) 

5 

3 

2.1(0.4-10.4)  11  5  4.4(1.3-14.8) 

P  for  trend 

.72 

.49 

.51  <.01 

Cigarettes  20  y  ago 

None 

18  25 

1.0  ...  27 

31  1.0  ... 

43 

50 

1.0  ...  41  59  1.0  ... 

<15 

8  8 

1.6(0.5-5.5)  12 

10  0.9(0.32.7) 

13 

12 

1.5(0.6-3.8)  10  19  0.9(0.4-2.2) 

16-20 

10  10 

2.2  (0.7-6.8)  14 

12  1.1  (0.4-3.2) 

13 

20 

1.1  (0.5-2.6)  23  18  2.3(1 .0-5.0) 

>20 

2  2 

2.6  (0.3-22.3)  4 

3  1.2(0.2-6.3) 

3 

11 

0.3(0.1-0.8)  17  7  3.9(1.4-10.8) 

P  for  trend 

.35 

.63 

.21  <.01 

Pack-years 

None 

18  25 

1.0  ...  27 

31  1.0  ... 

43 

50 

1.0  ...  41  59  1.0  ... 

<183 

9  7 

1.8(0.5-6.5)  13 

7  1.7(0.5-5.1) 

4 

12 

0.4  (0.1 -1.6)  5  9  0.9(0.3-3.0) 

184-365 

11  7 

2.5(0.7-8.6)  10  . 

10  0.8  (0.3-2.4) 

10 

10 

1.5(0.5-4.2)  10  14  1.1  (0.4-2.7) 

>365 

10  7 

2.1  (0.5-7.9)  11 

10  1.2(0.4-38) 

14 

23 

0.9(0.4-2.1)  36  23  2.8(1.4-5.5) 

P  for  trend 

.51 

.75 

.98  <.01 

*Odds  ratios  (ORs)  and  95%  confidence  intervals  (CIs)  were  calculated  by  unconditional  logistic  regression  adjusted  for  age,  education,  age  at  menarche,  age  at  first  pregnancy, 
body  mass  index,  family  history  of  breast  cancer,  and  age  at  menopause  among  postmenopausal  women.  Included  in  each  analysis  are  lifetime  nonsmokers  (refererit  [ellipses]) 
and  those  who  were  smoking  during  that  time  period:  excluded  are  those  who  quit  smoking  before  that  time  period.  Pfor  trend  was  calculated  from  logistic  regression  with  the 
independent  variable  as  a  continuous  variable. 
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Table  6. — Case  Series  Analysis  of  W-Acetyltransferase  2  Status  and  Cigarette  Smoking  Among  Postmeno¬ 


pausal  Women:  Western  New  York  Breast  Cancer  Study,  1986  to  1991* 


Quartiie 

No.  of  Slow 
Acetylators 

No.  of  Rapid 
Acetylators 

OR  (95%  Cl) 

Pfor  Trend 

Daily  cigarettes  2  y  ago 

None 

41 

43 

1.0  ... 

<15 

6 

6 

0.8  (0.2-2.8) 

.05 

16-20 

21 

8 

2.7(1. 0-6.9) 

>20 

11 

5 

2.5(0.7-8.3)  _ 

Daily  cigarettes  20  y  ago 

None 

41 

43 

1.0  ... 

<15 

10 

13 

0.7  (0.3-1. 9) 

<.01 

16-20 

23 

13 

1.6  (0.7-3.8) 

>20 

17 

3 

6.6(1.7-25.4)_ 

Duration  of  smoking,  y 

Never  smoked 

41 

43 

1.0  ... 

<18 

10 

8 

1.5  (0.5-4.2) 

.10 

19-25 

8 

3 

2.6(0.6-10.8) 

>25 

46 

25 

1.9(1. 0-3.6)  _ 

Pack-years 

None 

41 

43 

1.0  ... 

<15 

5 

4 

1.1  (0.3-4.8) 

<.01 

16-20 

10 

10 

1.0  (0.3-2.7) 

>20 

36 

4 

2.7(1. 2-5.8)  _ 

Age  at  smoking  initiation,  y 
Never  smoked 

41 

43 

1.0  ...  n 

>18 

31 

25 

1.2(0.6-2.5) 

.01 

17-18 

17 

8 

2.2  (0.7-7.3) 

<16 

16 

4 

4.5  (1.3-14.9)_ 

♦Odds  ratios  (ORs)  and  95%  confidence  intervals  (CIs)  were  calculated  by  unconditional  logistic  regression 
adjusted  for  age,  education,  age  at  menarche,  age  at  first  pregnancy,  age  at  menopause,  body  mass  index,  and 
family  history  of  breast  cancer,  with  rapid  acetylators  as  the  comparison  group.  Resultant  ORs  do  not  reflect  actual 
risk  of  breast  cancer,  but  rather  the  ratio  of  risk  for  slow  vs  rapid  acetylators.  Included  in  each  analysis  are  lifetime 
nonsmokers  (referent  (ellipsesl)  and  those  who  were  smoking  during  that  time  period;  excluded  are  those  who  quit 
smoking  before  that  time  period.  P  for  trend  was  calculated  from  logistic  regression,  with  the  independent  variable 
as  a  continuous  variable. 

Table  7. — Smoking-Matched  Case-Control  Analysis  of  Postmenopausal  Breast  Cancer  Risk  and  Cigarette 
Smoking  by  Acetylator  Genotype:  Western  New  York  Breast  Cancer  Study,  1986  to  1991* 


Rapid  Acetylators  Slow  Acetylators 


Quartiie 

1 

Cases 

Controls 

1 

OR  (95%  Cl) 

1 

Cases 

Controls 

1 

(95%  Cl) 

Daily  cigarettes  2  y  ago 

None 

43 

42 

1.0  ... 

41 

42 

1.0  ... 

<15 

6 

6 

1.9  (0.5-7.1) 

6 

6 

1.1  (0.3-3.8) 

16-20 

6 

11 

0.6  (0,2-2.0) 

16 

11 

1.7  (0.6-4.3) 

>20 

2 

3 

0.5(0.1-36) 

6 

5 

1.6  (0.4-5,9) 

P  for  trend 

.28 

.44 

Daily  cigarettes  20  y  ago 

None 

43 

36 

1.0  ... 

41 

48 

1.0  ... 

<15 

13 

10 

1.3  (0.4-3.7) 

10 

13 

1.0  (0.4-2.7) 

16-20 

13 

20 

0.8  {0.3-1 .9) 

23 

16 

2.1  (0.9-4.7) 

>20 

3 

11 

0.2  (0.04-0.8) 

15 

7 

2.6  (0.9-7.4) 

P  for  trend 

.02 

<.01 

Age  at  smoking  initiation,  y 

Never  smoked 

43 

40 

1.0  ... 

41 

44 

1.0  ... 

>18 

19 

20 

1.1  (0.5-2.6) 

27 

26 

1.0  (0.6-2.7) 

17-18 

B 

11 

0.6  (0.2-1. 7) 

16 

13 

1.4  (0.6-3.5) 

<16 

4 

13 

0.2  (0.01-1.0) 

16 

7 

3.2  (1. 1-9.1) 

P  for  trend 

<.05 

.09 

♦Odds  ratios  (ORs)  and  95%  confidence  intervals  (CIs)  were  calculated  by  unconditional  logistic  regression 
adjusted  for  age,  education,  age  at  menarche,  age  at  first  pregnancy,  age  at  menopause,  body  mass  index,  and 
family  history  of  breast  cancer.  Included  in  each  analysis  are  lifetime  nonsmokers  (referent  [ellipses])  and  those  who 
were  smoking  during  that  lime  period;  excluded  are  those  who  quit  smoking  before  that  time  period.  P  for  trend  was 
calculated  from  Mantel-Haenszel  tests  with  unadjusted  categorical  data. 


□  Rapid  ■  Slow 


5.1 

6-1  (1.8- 

14.4) 


Packs  per  Average  Year 


Figure  2. — Odds  ratios  (ORs)  and  95%  confidence 
intervals  (CIs)  for  breast  cancer  by  duration  (top) 
and  intensity  (bottom)  of  cigarette  smoking  among 
postmenopausal  women  with  rapid  and  slow  acety¬ 
lation  genotypes:  Western  New  York  Breast  Cancer 
Study,  1986-1991. 

The  case-series  and  case-control  analy¬ 
ses  reported  herein  indicate  that  effects 
may  be  strongest  for  smoking  at  an  ear¬ 
lier  age  (ie,  age  at  which  smoking  began, 
number  of  cigarettes  smoked  20  years 
previously),  consistent  with  the  hypoth¬ 
esis  that  environmental  insults  may  be 
most  deleterious  during  breast  devel¬ 
opment.®*  The  apparently  stronger  ef¬ 
fects  of  heavier  smoking,  rather  than 
duration  of  smoking,  may  also  reflect 
carcinogenic  doses  administered  at  an 
earlier  age.  Risk  associated  with  smok¬ 
ing  2  years  previously  may  be  increased 
only  because  heavy  smoking  occurred 
at  a  younger  age,  and  risk  relates  to 
exposure  earlier,  rather  than  later,  in 
life.  Cigarette  smoking  is  clearly  a  risk 
factor  for  lung  and  bladder  cancer,  and 
genetic  polymorphisms  in  carcinogen- 
metabolizing  genes  may  increase  risk  at 
low  exposures.*^'®*  For  breast  cancer,  the 
association  is  less  straightforward. 

Among  rapid  acetylators,  there  was 
weak  indication  that  smoking  at  an  early 
age  and  smoking  more  than  1  pack  per 
day  20  years  previously  reduced  breast 
cancer  risk  in  comparison  to  that  of  slow 
acetylators.  In  women  who  are  rapid 
acetylators,  carcinogenic  ai'omatic  amines 
may  be  quickly  detoxified  and  excreted, 
and  other  smoke  components  may  have 
inverse  risk  effects.  It  has  been  suggested 
that  smoking  may  have  antiestrogenic 
effects,  thus  decreasing  breast  cancer 
risk.10-12  jjj  rapid  acetylators,  induction  of 
other  enzyme  activity  by  smoking  may 
lead  to  increased  metabolism,  and  there¬ 


fore  to  reduction  of  circulating  estradiol. 
In  rapid  acetylators,  this  antiestrogenic 
effect  may  override  carcinogenic  poten¬ 
tial,  reducing  breast  cancer  risk.  Dual 


effects  of  these  opposing  forces  may  ac¬ 
count  for  previous  failures  to  observe 
associations  between  smoking  and  breast 
cancer  risk.  This  is  speculation,  and  the 
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inconsistent  findings  for  rapid  acetyla- 
tors  may  be  due  to  chance. 

Other  tobacco  smoke  constituents,  such 
as  Ai^-nitrosamines  and  polycyclic  aro¬ 
matic  hydrocarbons,  may  be  related  to 
breast  cancer.  We  studied  polymorphisms 
related  to  polycyclic  aromatic  hydro¬ 
carbon  biotransformation,  CYPlAl  and 
GS  TMl ,  regarding  cigarette  smoking  and 
postmenopausal  breast  cancer  risk.’®  Nei¬ 
ther  CYPlAl  nor  GSTMl  was  indepen¬ 
dently  associated  with  risk,  but  light 
smokers  with  the  CYPlAl  minor  allele 
had  increased  risk. 

Potential  sources  of  bias  in  these  data 
exist,  foremost  of  which  is  selection  bias. 
Most  case  nonparticipation  was  due  to 
physicians’  refusals  to  allow  contact  with 
their  patients  (72%),  and  postmenopausal 
nonparticipants  were,  on  average,  about 
3  years  older  than  participants.  The  most 
ill  patients  may  not  have  been  included, 
limiting  generaJizability.  Among  controls, 
a  sample  refusing  interview  (n = 1 17)  was 
compared  with  a  sample  of  participants 
(n=372)  in  a  telephone  interview  prior  to 
data  collection.  No  differences  in  meat, 
vegetable,  and  fruit  consumption  or  in 
number  of  cigarettes  smoked  were  found. 
Thus,  nonresponse  among  controls  may 
not  have  been  related  to  exposure.  Other 
potential  sources  of  bias  in  control  selec¬ 
tion  include  random  selection  of  controls 
younger  than  65  years  from  lists  of  driv¬ 
er’s  license  holders.  Among  cases,  some 
women  may  not  drive  and  may  be  dif¬ 
ferent  from  selected  controls,  but  more 
than  90%  of  women  in  this  state  are  li¬ 
censed  to  drive.  Because  controls  were 
drawn  from  the  community  and  not 
screened  for  undetected  breast  cancer,  a 
small  number  of  controls  may  have  had 
breast  cancer. 

All  of  these  sources  of  bias  may  affect 
risk  estimates.  In  estimating  risk  asso¬ 
ciated  with  smoking  in  slow  acetylators, 
there  may  have  been  some  overestima¬ 
tion  of  true  risk  due  to  selection  bias, 
since  the  proportion  of  nonsmokers  was 
greater  in  controls  consenting  to  phle¬ 
botomy  than  in  the  study  group.  We 
thus  corroborated  findings  using  case- 
series  analysis  and  generating  smoking- 
matched  data  subsets  in  which  the  ORs 
were  lower  than  in  initial  case-control 
analyses  and  more  likely  estimate  true 
risk.  We  concluded  that,  while  point  es¬ 
timates  of  risk  may  be  biased,  such  bias 
does  not  explain  the  marked  difference 
in  smoking  risk  patterns  among  slow  vs 
rapid  acetylators.  While  biases  may  af¬ 
fect  risk  point  estimates,  it  is  unlikely 
that  they  could  affect  heterogeneity  of 
response  by  NAT2  acetylation  status, 
creating  substantial  differences  in  as¬ 
sociations  between  smoking  and  risk. 
Nor  is  it  likely  that  biases  were  associ¬ 
ated  with  genotype. 
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We  stratified  women  by  susceptible 
subgroups  and  examined  the  role  of 
genotype  in  susceptibility  to  an  exog¬ 
enous  exposure,  cigarette  smoking,  not 
heretofore  consistently  shown  to  be  re¬ 
lated  to  breast  cancer  risk.  In  our  data, 
57%  of  the  postmenopausal  women  stud¬ 
ied  were  slow  acetylators,  similar  to  find¬ 
ings  from  previous  studies.®’’’"'  Among 
these  women,  it  appeared  that  smoking, 
particularly  at  an  early  age,  increased 
breast  cancer  risk.  Slow  NAT2  pheno¬ 
type  prevalence  varies  worldwide,  es¬ 
timated  present  in  10%  to  20%  of  Asians, 
35%  of  African  Americans,  65%  to  90% 
of  individuals  of  Middle  Eastern  descent, 
and  about  55%  of  whites.®'’’"'”  Ethnic 
distribution  of  NAT2  genotype,  in  re¬ 
lation  to  exposure  to  aromatic  amines, 
could  explain,  in  part,  the  wide  geo¬ 
graphic  variability  in  breast  cancer  in¬ 
cidence. 

In  these  data,  there  was  some  weak 
indication  of  a  negative  association  be¬ 
tween  breast  cancer  risk  among  women 
with  the  rapid  NAT2  genotype,  which 
does  not  suggest  that  smoking  is  ben¬ 
eficial.  Smoking  cessation  should  be  a 
goal  for  all  women. 

These  findings  require  replication.  If 
further  investigations  reveal  similar  as¬ 
sociations,  a  portion  of  unexplained 
breast  cancer  etiology  will  have  been 
elucidated.  Our  data  suggest  that,  for 
more  than  half  the  white  female  popu¬ 
lation  of  the  United  States,  avoidance  of 
breast  cancer  may  be  yet  another  mo¬ 
tivation  for  avoiding  cigarette  smoking, 
particularly  at  an  early  age. 

Our  work  was  supported,  in  part,  by  grants 
USAMRMCDAMD17-94-J^108,  CA-11535,  CA- 
62995,  and  CA-01633  from  the  National  Cancer  In¬ 
stitute. 

We  would  like  to  thank  Bioserve  Biotechnolo¬ 
gies,  Laurel,  Md,  for  their  technical  expertise,  Fred 
Kadlubar,  PhD,  Neil  Caporaso,  MD,  and  Curtis  C. 
Harris,  MD,  for  their  insight  and  suggestions,  and 
Kirsten  Moysich  for  her  technical  assistance. 

References 

1.  DeVita  VT,  Heilman  S,  Rosenberg  SA.  Cancer: 
Prindples  and  Practice  of  Oncology.  3rd  ed.  Phila¬ 
delphia,  Pa:  JB  Lippincott  Co;  1989. 

2.  Adami  HO,  Lund  E,  Bergstrom  R,  Meirik  0. 
Cigarette  smoking,  alcohol  consumption  and  risk  of 
breast  cancer  in  young  women.  Br  J  Cancer.  1988; 
58:832-837. 

3.  Ewartz  M.  Smoking  and  breast  cancer  risk  in 
Denmark.  Cancer  Causes  Control.  1990;1:31-37. 

4.  Field  NA,  Baptiste  MS,  Nasca  PC,  Metzger  BB. 
Cigarette  smoking  and  breast  cancer.  Int  J  Epi¬ 
demiol.  1992;21:842-848. 

5.  London  SJ,  Colditz  GA,  Stampfer  MJ,  Willett 
WC,  Rosner  BA,  Speizer  FE.  Prospective  study  of 
smoking  and  the  risk  of  breast  cancer.  J  Natl  Can¬ 
cer  Inst.  1989;81:1625-1631. 

6.  Rosenberg  L,  Schwingl  PJ,  Kaufman  DW,  et  al. 
Breast  cancer  and  cigarette  smoking.  N  Engl  J 
Med.  1984;310:92-94. 

7.  Baron  JA,  Byers  T,  Greenberg  ER,  Cummings 
KM,  Swanson  M.  Cigarette  smoking  in  women  with 
cancers  of  the  breast  and  reproductive  organs. 

J  Natl  Cancer  Inst.  1986;77:677-680. 

8.  Doll  R,  Gray  R,  Hafner  B,  Peto  R.  Mortality  in 


21 


relation  to  smoking:  22  years’  observations  on  fe¬ 
male  British  doctors.  BMJ.  1980;280:967-971. 

9.  Hiatt  RA,  Klatsky  AL,  Armstrong  MA.  Alcohol 
consumption  and  the  risk  of  breast  cancer  in  a  pre¬ 
paid  health  plan.  Cancer  Res.  1988;48:2284-2287. 

10.  Schatzkin  A,  Carter  CL,  Green  SB,  et  al.  Is 
alcohol  consumption  related  to  breast  cancer?  re¬ 
sults  from  the  Framingham  Heart  Study.  J  Natl 
Cancer  Inst.  1989;81:31-35. 

11.  Schecter  MT,  Miller  AB,  Howe  GR,  Baines  CJ, 
Craib  KJ,  Wall  C.  Cigarette  smoking  and  breast 
cancer:  case-control  studies  of  prevalent  and  inci¬ 
dent  cancer  in  the  Canadian  National  Breast  Screen¬ 
ing  Study.  Am  J  Epidemiol.  1989;130:213-220. 

12.  Vatten  LJ,  Kvinnsland  S.  Cigarette  smoking 
and  risk  of  breast  cancer:  a  prospective  study  of 
24,329  Norwegian  women.  Eur  J  Cancer.  1990:26: 
830-833. 

13.  Morabia  A,  Bernstein  M,  Heritier  S,  Khatcha- 
trian  N.  Relation  of  breast  cancer  with  passive  and 
active  exposure  to  tobacco  smoke.  Am  J  Epide¬ 
miol.  1996;143:918-928. 

14.  Stockwell  HG,  Lyman  GH.  Cigarette  smoking 
and  the  risk  of  female  reproductive  cancers.  Am  J 
Obstet  Gynecol.  1987;157:35-40. 

15.  Chu  SY,  Stroup  NE,  Wingo  PA,  Lee  NC,  Pe¬ 
terson  HB,  Gwinn  ML.  Cigarette  smoking  and  the 
risk  of  breast  cancer.  Am  J  Epidemiol.  1990;131: 
244-253. 

16.  Brinton  LA,  Schairer  C,  Stanford  JL,  Hoover 
RN.  Cigarette  smoking  and  breast  cancer.  Am  J 
Epidemiol.  1986;123:614-622. 

17.  Meara  J,  McPherson  K,  Roberts  M,  Jones  L, 
Vessey  M.  Alcohol,  cigarette  smoking  and  breast 
cancer.  Br  J  Cancer.  1989;60:70-73. 

18.  Brownson  RC,  Blackwell  CW,  Pearson  DK,  Rey¬ 
nolds  RD,  Richens  JW  Jr,  Papermaster  BW.  Risk 
of  breast  cancer  in  relation  to  cigarette  smoking. 
Arch  Intern  Med.  1988;148:140-144. 

19.  Rohan  TE,  Baron  JA.  Cigarette  smoking  and 
breast  cancer.  Am  J  Epidemiol.  1989;129:36-42. 

20.  Palmer  JR,  Rosenberg  L,  Clarke  E,  et  al.  Breast 
cancer  and  cigarette  smoking:  a  hypothesis.  Am  J 
Epidemiol.  1991;134:1-13. 

21.  Hiatt  RA,  Fireman  BH.  Smoking,  menopause, 
and  breast  cancer.  J  Natl  Cancer  Inst.  1986;76:833- 
838. 

22.  Vessey  M,  Baron  J,  Doll  R,  McPherson  K,  Yeates 
D.  Oral  contraceptives  and  breast  cancer:  final  re¬ 
port  of  an  epidemiological  study .  Br  J  Cancer.  1983; 
47:455-462. 

23.  O’Connell  DL,  Hulka  BS,  Chambless  LE,  Wilkin¬ 
son  WE,  Deubner  DC.  Cigarette  smoking,  alcohol 
consumption,  and  breast  cancer  risk.  J  Natl  Cancer 
Inst  1987;78:229-234. 

24.  Salber  EJ,  Trichopoulos  D,  MacMahon  B.  Lac¬ 
tation  and  reproductive  histories  of  breast  cancer 
patients  in  Boston,  1965-1966.  J  Natl  Cancer  Inst. 
1969;43:1013-1024. 

25.  Petrakis  NL,  Gruenke  LD,  Beelen  TC,  Cast- 
agnoli  N  Jr,  Craig  JC.  Nicotine  in  breast  fluid  of 
nonlactating  women.  Science.  1978;199:303-304. 

26.  Petrakis  NL,  Maack  CA,  Lee  RE,  Lyon  M. 
Mutagenic  activity  in  nipple  aspirates  of  human 
breast  fluid.  Cancer  Res.  1980;40:188-189. 

27.  Perera  FP,  Estabrook  A,  Hewer  A,  et  al.  Car- 
cinogen-DNA  adducts  in  human  breast  tissue.  Can¬ 
cer  Epidemiol  Biomarkers  Prev.  1995;4:233-238. 

28.  Li  D,  Wang  M,  Dhingra  K,  Hittleman  WM. 
Aromatic  DNA  adducts  in  adjacent  tissues  of  breast 
cancer  patients:  clues  to  breast  cancer  etiology. 
Cancer  Res.  1996;56:287-293. 

29.  Swaminathan  S,  Frederickson  SM,  Hatcher  JF. 
Metabolic  activation  of  N-hydroxy-4-acetylamino- 
biphenyl  by  cultured  human  breast  epithelial  cell 
line  MCF  lOA.  Carcinogenesis.  1994;15:611-617. 

30.  Eldridge  SR,  Gould  MN,  Butterworth  BE.  Geno- 
toxicity  of  environmental  agents  in  human  mam¬ 
mary  epithelial  cells.  Cancer  Res.  1992;52:5617-5621. 

31.  Tonelli  QJ,  Custer  RP,  Sorof  S.  Transformation 
of  cultured  mouse  mammary  glands  by  aromatic 
amines  and  amides  and  their  derivatives.  Cancer 
Res.  1979;39:1784-1792. 

32.  Shirai  T,  Fysh  FM,  Lee  M-S,  Vaught  JB,  King 
CM.  Relationship  of  metabolic  activation  of  N-hy- 


and  Breast  Cancer— Ambrosone  et  al 


Smoking,  NAT2, 


droxy-W-acylarylamines  to  biological  response  in 
the  liver  and  mammary  gland  of  the  female  CD  rat. 
Cancer  Res.  1981;41:4346-4353. 

33.  Allaben  WT,  Weeks  CE,  Weis  CC,  Burger  GT, 
King  CM.  Rat  mammary  gland  carcinogenesis  after 
local  injection  of  Al-hydroxy-Af-acyl-2-aminofluo- 
renes:  relationship  to  metabolic  activation.  Carci¬ 
nogenesis.  1982;3:233-240. 

34.  Kadlubar  FR,  Butler  MA,  Kaderlik  KR.  Poly¬ 
morphisms  for  aromatic  amine  metabolism  in  hu¬ 
mans:  relevance  for  human  carcinogenesis.  Envi¬ 
ron  Health  Perspect.  1992;98:69-74. 

35.  Minchin  RF,  Kadlubar  FF,  Ilett  KF.-Role  of 
acetylation  in  colorectal  cancer.  Mutat  Res.  1993; 
290:35-42. 

36.  Bell  DA,  Taylor  JA,  Butler  MA,  et  al.  Genotype/ 
phenotype  discordance  for  human  arylamine  Af-ace- 
tyltransferase  (.NAT2)  reveals  a  new  slow-acetylator 
allele  common  in  African-Americans.  Carcinogen¬ 
esis.  1993;14:1689-1692. 

37.  Vineis  P,  Bartsch  H,  Caporaso  N,  et  al.  Ge¬ 
netically  based  A/-acetyltransferase  metabolic  poly¬ 
morphism  and  low-level  environmental  exposure  to 
carcinogens.  Nature.  1994;369:154-166. 

38.  Lin  HJ,  Han  CY,  Lin  BK,  Hardy  S.  Slow  acety- 
lator  mutations  in  the  human  polymorphic  Al-ace- 
tyltransferase  gene  in  786  Asians,  blacks,  Hispan- 
ics,  and  whites:  application  to  metabolic  epidemiology. 
Am  J  Hum  Genet.  1993;52:827-834. 

39.  Hanssen  HP,  Agarwal  HW,  Goedde  H,  et  al. 
Association  of  A/-acetyltransferase  polymorphism 
and  environmental  factors  with  bladder  carcino¬ 
genesis.  Eur  Urol.  1985;!  1263-266. 

40.  Cartwright  RA.  Epidemiological  studies  on  N- 
acetylation  and  C-center  ring  oxidation  in  neopla¬ 
sia.  In:  Omenn  GS,  Gelboin  HV,  eds.  Genetic  Vari¬ 
ability  in  Responses  to  Chemical  Exposure.  Cold 
Spring  Harbor,  NY:  Cold  Spring  Harbor  Press; 
1984:359-368. 

41.  Ilett  KF,  David  BM,  Detchon  P,  Castleden  WM, 
Kwa  R.  Acetylator  phenotype  in  colorectal  carci¬ 
noma.  Cancer  Res.  1987;47:1466-1469. 

42.  Lang  NP,  Chu  DZJ,  Hunter  CF,  Kendall  DC, 
FlammangTJ,  Kadlubar  FF.  Role  of  aromatic  amine 
iV-acetyltransferase  in  human  colorectal  cancer. 
Arch  Surg.  1986;121;1269-1261. 

43.  Lang  NP,  Butler  MA,  Massengill  J,  et  al.  Rapid 
metabolic  phenotypes  for  acetyltransferase  and  cy¬ 
tochrome  P4501A2  and  putative  exposure  to  food- 
bome  heterocyclic  amines  increase  the  risk  for  co¬ 
lorectal  cancer  or  polyps.  Cancer  Epidemiol 
Biomarkers  Prevention.  1994;3:675-682. 

44.  Bulovskaya  LN,  Krupkin  RG,  Bochina  TA,  Ship- 
kova  AA,  Pavlova  MV.  Acetylator  phenotype  in 
patients  vrith  breast  cancer.  Oncology.  1978;35:185- 
188. 

45.  Evans  DAP.  Acetylation.  Prog  Clin  Biol  Res. 
1986;214:209-242. 

46.  Sardas  S,  Cod  I,  Sardas  OS.  Polymorphic  N- 
acetylation  capacity  in  breast  cancer  patients.  Int 
J  Cancer.  1990;46:1138-1139. 

47.  Philip  PA,  Rogers  HJ,  Millis  RR,  Rubens  RD, 


Cartwright  RA.  Acetylator  status  and  its  relation¬ 
ship  to  breast  cancer  and  other  diseases  of  the  breast. 
Eur  J  Cancer  Clin  Oncol.  1987;23:1701-1706. 

48.  Ladero  JM,  Fernandez  MJ,  Palmeiro  R,  et  al. 
Hepatic  acetylator  polymorphism  in  breast  cancer 
patients.  Oncology.  1987;4^;341-344. 

49.  Graham  S,  Hellmann  R,  Marshall  J,  et  al.  Nu¬ 
tritional  epidemiology  of  postmenopausal  breast  can¬ 
cer  in  western  New  York.  Am  J  Epidemiol.  1991; 
134:552-566. 

50.  Vatsis  KP,  Weber  WW,  Bell  DA,  et  al.  No¬ 
menclature  for  A/-acetyltransferases.  Pharmaco¬ 
genetics.  1995;5:1-17. 

51.  Begg  CB,  Zhang  ZF.  Statistical  analysis  of  mo¬ 
lecular  epidemiology  studies  employing  case-series. 
Cancer  Epidemiol  Biomarkers  Prev.  1994;3:173- 
175. 

52.  PiergorschWW,  WeinbergCR, Taylor  JA.  Non- 
hierarchical  logistic  models  and  case-only  designs 
for  assessing  susceptibility  in  population-based  case- 
control  studies.  Stat  Med.  1994;13:153-162. 

53.  Wang  CY,  Yamada  H,  Morton  KC,  Zukowski 
K,  Lee  M-S,  King  CM.  Induction  of  repair  synthesis 
of  DNA  in  mammary  and  urinary  bladder  epithelial 
cells  by  Al-hydroxy  derivatives  of  carcinogenic  ar- 
ylamines.  Cancer  Res.  1988;48:4227-4232. 

54.  King  CM,  Traub  NR,  Lortz  ZM,  Thissen  MR. 
Metabolic  activation  of  arylhydroxamic  acids  by 
N-O-acyltransferase  of  rat  mammary  gland.  Can¬ 
cer  Res.  1979;39:3369-3372. 

55.  Allaben  WT,  Weis  CC,  Fullerton. NF,  Beland 
FA.  Formation  and  persistence  of  DNA  adducts 
from  the  carcinogen  lV-hydroxy-2-acetylaminofluo- 
rene  in  rat  mammary  gland  in  vivo.  Carcinogen¬ 
esis.  1983;4:1067-1070. 

56.  International  Agency  for  Research  on  Cancer. 
Monographs  on  the  Evaluation  of  the  Carcinogenic 
Risk  of  Chemicals  to  Humans,  Part  I.  Lyon,  France: 
International  Agency  for  Research  on  Cancer;  1972: 
74-79. 

57.  Sadrieh  N,  Davis  CD,  Snyderwine  EG.  N-Ace- 
tyltransferase  expression  and  metabolic  activation 
of  the  food-derived  heterocyclic  amines  in  the  hu¬ 
man  mammary  gland.  Cancer  Res.  1996;66:2683- 
2687. 

58.  Debiec-Rychter  M,  Land  SJ,  King  CM.  Tissue- 
specific  expression  of  human  acetyltransferase  1 
and  2  detected  by  non-isotopic  in  situ  hybridization. 
Proc  Am  Assoc  Cancer  Res.  1996;37:133.  Abstract. 

59.  Ross  RK,  Paganini-Hill  A,  Henderson  BE.  Epi¬ 
demiology  of  bladder  cancer.  In:  Skinner  D,  Lies- 
kovsky  G,  eds.  Diagnosis  and  Management  of  Geni¬ 
tourinary  Cancer.  Philadelphia,  Pa:  WB  Saunders 
Co;  1988:23-31. 

60.  Mommsen  S,  Aagaard  J.  Tobacco  as  a  risk  fac¬ 
tor  in  bladder  cancer.  Carcinogenesis.  1983;4:335- 
338. 

61.  Vineis  P,  Caporaso  N,  Tannenbaum  SR,  et  al. 
Acetylation  phenotype,  carcinogen-hemoglobin  ad¬ 
ducts  and  cigarette  smoking.  Cancer  Res.  1990;50: 
3002-3004. 

62.  Yu  MC,  Skipper  PL,  Taghizadeh  K,  et  al.  Acety¬ 


lator  phenotype,  aminobiphenyl-hemoglobin  adduct 
levels,  and  bladder  cancer  risk  in  white,  black  and 
Asian  men  in  Los  Angeles,  California.  J  TVati  Can¬ 
cer  Inst.  1994;86:712-716. 

63.  Hein  DW.  Acetylator  genotype  and  arylamine- 
induced  carcinogenesis.  Biochim  Biophys  Acta.  1988- 
948:37-66. 

64.  Risch  A,  Wallace  DMA,  Bathers  S,  Sim  E.  Slow 
N-aeetylation  genotype  is  a  susceptibility  factor  in 
occupational  and  smoking  related  bladder  cancer. 
Hum  Mol  Genet.  1995;4:231-236. 

65.  Hirvonen  A,  Nylund  L,  Kociba  P,  Husgafvel- 
Pursianinen,  Vainio  H.  Modulation  of  urinary  mu¬ 
tagenicity  by  genetically  determined  carcinogen  me¬ 
tabolism  in  smokers.  Carcinogenesis.  1994;15:813- 
815. 

66.  Taylor  JA,  Umbach  D,  Stephens  E,  et  al.  Role 
ofJV-acetylation  polymorphism  at  NATf  and  NAT2 
in  smoking-associated  bladder  cancer.  Proc  Am  As¬ 
soc  Cancer  Res.  1995;36:282.  Abstract. 

67.  Josephy  PD.  The  role  of  peroxidase-catalyzed 
activation  of  aromatic  amines  in  breast  cancer.  Mu¬ 
tagenesis.  1996;11:3-7. 

68.  Colditz  GA,  Frazier  AL.  Models  of  breast  can¬ 
cer  show  that  risk  is  set  by  events  of  early  life: 
prevention  efforts  must  shift  focus.  Cancer  Epide¬ 
miol  Biomarkers  Prev.  1995;4:567-571. 

69.  Nakachi  K,  Imai  K,  Hayashi  S,  Watanabe  J, 
Kawajiri  K.  Genetic  susceptibility  to  squamous  cell 
carcinoma  of  the  lung  in  relation  to  cigarette  smok¬ 
ing  dose.  Cancer  Res.  1991;51:5177-5180. 

70.  Kaufman  DW,  Slone  D,  Rosenberg  L,  Miet- 
tinen  OS,  Shapiro  S.  Cigarette  smoking  and  age  at 
natural  menopause.  Public  Health  Briefs.  1980;70: 
420-422. 

71.  Lesko  SM,  Rosenberg  L,  Kaufman  DW,  et  al. 
Cigarette  smoking  and  the  risk  of  endometrial  can¬ 
cer.  N  Engl  J  Med.  1985;313:593-596. 

72.  Baron  JA.  Smoking  and  estrogen-related  dis¬ 
ease.  Am  J  Epidemiol.  1984;119:9-22. 

73.  Ambrosone  CB,  Freudenheim  JL,  Graham  S, 
et  al.  Cytochrome  P4501 Al  and  glutathione  S-trans- 
ferase  (Ml)  genetic  polymorphisms  and  postmeno¬ 
pausal  breast  cancer  risk.  Cancer  Res.  1995;55:3483- 
3485. 

74.  Blum  M,  Demierre  A,  Grant  DM,  Heim  M,  Meyer 
UA.  Molecular  mechanism  of  slow  acetylation  of 
drugs  and  carcinogens  in  humans.  Proc  Natl  Acad 
Sci.  1991;99:5237-5241. 

75.  Ellard  GA.  Variations  between  individuals  and 
populations  in  the  acetylation  of  isoniazid  and  its 
significance  for  the  treatment  of  pulmonary  tuber¬ 
culosis.  Clin  Pharmacol  Ther.  1976;19:610-625. 

76.  Karim  AKMB,  Elfellah  MS,  Evans  DA.  Human 
acetylator  polymorphism:  estimate  of  allele  fre¬ 
quency  in  Libya  and  details  of  global  distribution. 
J  Med  Genet.  1981;18:325-330. 

77.  Harris  HW,  Knight  A,  Selin  MJ.  Comparison  of 
isoniazid  concentrations  in  the  blood  of  people  of 
Japanese  and  European  descent:  therapeutic  and 
genetic  implications.  Am  Rev  Tuberc  Pulm  Dis. 
1958;78:944-948. 


JAMA,  November  13,  1996— Vol  276,  No.  18 


22 


Smoking,  NAT2,  and  Breast  Cancer — Ambrosone  et  al  1501 


Printed  and  Published  in  the  United  States  of  America 


APPENDIX  B 

NATl  IN  BREAST  CANCER  CASES  AND  CONTROLS 
GENOTYPIC  FREQUENCIES 
(Case  status  remains  blinded) 


Genotype 

Premenopausal 

Postmenopausal 

4,4 

106 

247 

4,10 

42 

97 

4,11 

5 

21 

4,3 

6 

13 

10,10 

9 

16 

10,11 

0 

5 

10,3 

3 

2 

11,11 

0 

2 

11,3 

1 

0 

3,3 

1 

0 

Total 

173 

403 
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WESTERN  NEW  YORK  DIET  STUDY 
LIFETIME  ALCOHOL  CONSUMPTION 


High  42  17  3.3  (0.9, 12.9)  3.0  (1.3, 6.6) 

*  Adjusted  OR  for  age,  education,  family  history,  history  of  benign  breast  disease, 

BMI,  parity,  age  at  first  pregnancy,  fruit  and  vegetable  intake,  age  at  menopause  309-ps 
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ALCOHOL,  ALCOHOL  DEHYDROGENASE  (3)  AND 
BREAST  CANCER  IN  PREMENOPAUSAL  WOMEN 


*  Adjusted  for  age,  education,  family  history  of  breast  cancer,  history  of  benign  breast 
disease,  BMI,  parity,  age  at  first  pregnancy,  age  at  menarche,  fruit  and  vegetable  intake, 
age  at  menarche  and  age  at  menopause  (postmenopausal  women  only). 
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High  21  22  0.86  (0.25-2.88) 

*  Adjusted  for  age,  education,  family  history  of  breast  cancer,  history  of  benign  breast 

disease,  BMI,  parity,  age  at  first  pregnancy,  age  at  menarche,  fruit  and  vegetable  intake,  31  o.ps 

age  at  menarche  and  age  at  menopause  (postmenopausal  women  only). 
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Appendix  D 

CYPlAl,  GSTMl  AND  GSTT  IN  BREAST  CANCER  CASES  AND  CONTROLS 

GENOTYPE  FREQUENCIES 
(Case  status  remains  blinded) 


Genotype 

Premenopausal 

CYPlAl 

WW 

110 

WM 

17 

MM 

2 

GSTMl 

PRESENT 

62 

NULL 


GSTT 

PRESENT 

89 

NULL 

40 
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MICROSOMAL  EPOXIDE  HYDROLASE  IN  BREAST  CANCER  CASES  AND  CONTROLS 

GENOTYPE  FREQUENCIES 
(Case  status  remains  blinded) 


Genotype 

Premenopausal 

Postmenopausal 

MEH4 

HA 

145 

127 

HH 

63 

82 

AA 

7 

6 

MEH3 

HA 

16 

41 

HH 

49 

105 

AA 

74 

138 

30 
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CYP2D6  GENOTYPING  IN  BREAST  CANCER  CASES  AND  CONTROLS 

GENOTYPE  FREQUENCIES 
(Case  status  remains  blinded) 


Genotype 

Premenopausal 

Postmenopausal 

CYP2D6  A 

WW 

220 

339 

WM 

10 

13 

MM 

4 

0 

CYP2D6  B 

WW 

152 

240 

WM 

68 

155 

MM 

14 

24 

CYP2D6  T 

WW 

216 

316 

WM 

5 

8 

MM 

0 

0 

31 
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MOLECULAR  CARCINOGENESIS  17:144-150  (1996) 


A  Cytochrome  P4502E1  Genetic  Polymorphism  and 
Tobacco  Smoking  in  Breast  Cancer^ 

Peter  G.  Shields,^  Christine  B.  Ambrosone,  Saxon  Graham,  Elise  D.  Bowman,  Anita  M.  Harrington,  Kari  A. 
Gillenwater,  James  R.  Marshall,  John  E.  Vena,  Rosemary  Laughlin,  Takuma  Nemoto,  and  Jo  L  Freudenheim^ 

Laboratory  of  Human  Carcinogenesis,  National  Cancer  Institute,  Bethesda,  Maryland  (PCS,  EDB,  AMH,  KAG);  and 
Departments  of  Social  and  Preventive  Medicine  (CBA,  SG,  JRM,  }EV,  RL,  JLE)  and  Surgery  (TN),  State  University  of  New 
York  at  Buffalo,  Buffalo,  New  York 


Known  breast-cancer  risk  factors  account  for  only  part  of  the  variability  in  breast-cancer  incidence.  Tobacco 
smoke  is  not  commonly  considered  a  breast  carcinogen,  but  many  of  its  constituents,  such  as  A/-nitrosamines, 
are  carcinogenic  in  laboratory  animal  studies.  Herein,  we  assessed  a  cytochrome  P4502E1  (CYP2E1)  genetic 
polymorphism  (a  Oral  restriction  enzyme  site  in  intron  6)  as  a  risk  factor  for  breast  cancer  in  both  premeno¬ 
pausal  and  postmenopausal  women.  Because  W-nitrosamines  are  metabolically  activated  by  CYP2E1,  the  risk 
among  women  smokers  was  investigated.  Caucasian  women  were  enrolled  in  a  case-control  study  of  breast 
cancer  between  1986  and  1991.  A  subset  of  the  women  (219  premenopausal  and  387  postmenopausal  women) 
consented  to  phlebotomy.  The  allelic  frequencies  for  the  premenopausal  women  (D  allele  =  0.91  and  C  allele  = 
0.09)  and  postmenopausal  women  (D  allele  =  0.93  and  C  allele  =  0.07)  were  similar  to  those  previously  re¬ 
ported.  There  was  no  statistically  significant  association  between  the  C/P2E7  polymorphism  and  breast-cancer 
risk  for  premenopausal  or  postmenopausal  women  (adjusted  odds  ratio  (OR)  =  1.04,  95%  confidence  interval 
(Cl)  =  0.48,  2.24,  and  OR  =  1.01,  95%  Cl  =  0.55,  1.84,  respectively).  When  the  women  were  categorized  as 
nonsmokers  versus  smokers  (those  who  smoked  more  than  one  cigarette  per  week  for  more  than  1  yr),  pre¬ 
menopausal  women  with  one  or  two  C  alleles  who  had  a  history  of  smoking  were  found  to  be  at  increased  risk 
(unadjusted  OR  =  7.00,  95%  Cl  =  0.75,  14.53,  and  adjusted  OR  =  11.09,  95%  Cl  =  1.51,  81.41),  although  the 
number  of  study  subjects  with  those  genotypes  was  small.  The  small  number  of  study  subjects  with  a  C  allele 
precluded  meaningful  classification  by  level  of  smoking,  but  categorizing  the  smokers  into  two  groups  (above 
and  below  the  median)  also  suggested  an  increased  risk.  Premenopausal  women  with  the  DD  genotype  and 
postmenopausal  women  with  any  genotype  were  not  at  increased  risk.  Breast-cancer  risk  was  not  related  to 
the  CYP2E1  genotype  in  either  premenopausal  nonsmokers  or  smokers  (adjusted  OR  =  0.66,  95%  Cl  =  0.20, 
2.17,  and  OR  =  2.13,  95%  Cl  =  0.60,  7.59,  respectively)  or  postmenopausal  nonsmokers  or  smokers  (OR  =  0.90, 
95%  Cl  =  0.34,  2.35,  and  OR  =  1.02,  95%  Cl  =  0.46,  2.23,  respectively),  although  the  difference  in  the  ORs  for 
premenopausal  nonsmokers  and  smokers  suggests  an  increased  risk  for  smokers.  While  there  are  limitations  to 
this  study,  particularly  related  to  the  small  number  of  subjects  with  the  DC  and  CC  genotypes,  the  study  sug¬ 
gests  that  some  women  may  be  susceptible  to  tobacco  smoke  because  of  a  CYP2E1  polymorphism.  However, 
these  results  are  preliminary  and  must  be  replicated.  ©  1996  Wiiey-Uss,  inc.* 

Key  words;  Tobacco,  cytochrome  P4502E1,  genetic  polymorphisms,  metabolizing  enzymes,  N-nitrosamines 


INTRODUaiON 

The  effects  of  reproductive,  hormonal,  and  family 
histories  on  breast-cancer  risk  are  well  documented  but 
account  for  no  more  than  47%  of  breast  cancers  [1]. 
Descriptive  studies  by  geographic  region  [2]  and  mi¬ 
gratory  studies  [3]  suggest  that  diet,  environment,  and 
lifestyle  behavior  may  affect  risk,  but  a  direct  relation¬ 
ship  with  specific  exposures  has  not  been  clearly  estab¬ 
lished.  In  particular,  tobacco  smoke,  which  is  a  potent 
human  carcinogen,  has  not  been  implicated  as  a  risk 
factor  in  case-control  or  cohort  studies  of  breast  cancer 
[4,5].  Nonetheless,  there  are  experimental  data  that 
suggest  that  tobacco-smoke  carcinogens  such  as  N-ni¬ 
trosamines,  polycyclic  aromatic  hydrocarbons,  aryl  aro¬ 
matic  amines,  and  heterocyclic  aromatic  amines  are 
potential  human  breast  carcinogens  [6]. 

©  1 996  WILEY-LISS,  INC.  *This  article  is  a  US  Government  work 
and,  as  such,  is  in  the  public  domain  in  the  United  States  of 
America. 
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N-nitrosamines,  including  the  direct  acting  N-me- 
thyl-AT-nitrosourea  (NMU),  cause  DNA  damage  in 
mouse  mammary  cells  [7].  These  cells  form  pro- 
mutagenic  0^-methyldeoxyguanosine  adducts  and 
have  decreasing  levels  of  0^-alkylguanine-DNA  alkyl 
transferase  activity  over  time  [8],  perhaps  indicating 
an  increased  host  susceptibility  to  nitroso  com¬ 
pounds.  N-nitrosamines  also  have  been  shown  to 
cause  rodent  mammary  tumors  [6,9-11],  which  are 
histologically  similar  to  human  cancers  [7,12]  and 
can  metastasize  [9,12],  NMU  also  possesses  the  abil¬ 
ity  to  transform  cultured  mouse  mammary  cells 
[7,13],  While  it  was  originally  believed  thatN-nitro- 
samine  exposure  induced  a  specific  GGA->  GAA  tran¬ 
sition  in  codon  12  of  the  Ha-ras-1  oncogene  [10,14], 
it  is  more  likely  that  the  observed  mutation  is  a  re¬ 
sult  of  cell  selection  for  preexisting  mutations  [15]. 
Cultured  human  mammary  epithelial  cells  also  un¬ 
dergo  unscheduled  DNA  synthesis  after  exposure  to 
ethylmethanesulfonate  [16],  although  transforma¬ 
tion  by  NMU  and  N-methyl-N-nitrosoguanidine  has 
not  yet  been  shown  [17].  Human  exposure  to  N-nit- 
rosamines  occurs  through  diet,  endogenous  forma¬ 
tion  in  the  stomach,  tobacco  smoke,  occupation  and 
medical  therapies  [18]. 

Cytochrome  P4502E1  (CYP2E1)  is  one  of  several 
enzymes  responsible  for  the  metabolic  activation  of 
N-nitrosamines  (including  tobacco-specific  nitro- 
samines)  and  other  low  molecular  weight  com¬ 
pounds  [19-22].  The  activity  of  this  enzyme  varies 
widely  among  individuals,  and  both  phenotypic  and 
genetic  polymorphisms  have  been  identified  [23- 
25].  One  specific  genetic  polymorphism  in  CYP2E1 
is  located  in  intron  6  [24]  and  is  revealed  by  Dral 
restriction  enzyme  digestion.  While  there  are  no 
clear  in  vitro  data  showing  that  the  polymorphic 
alleles  affect  function  (i.e.,  induction,  quantity,  or 
activity),  the  CYP2E1  intron  6  polymorphism  has 
been  associated  with  altered  protein  levels  in  hu¬ 
man  liver  samples  [26]  and  increased  7-methyl-2''- 
deoxyguanosine  adduct  levels  in  human  lung  [27], 
Moreover,  this  polymorphism  has  been  associated 
with  lung  cancer  in  a  Japanese  study  [24]  and  with 
a  modification  of  smoking-related  risk  [26],  al¬ 
though  no  effect  has  been  observed  in  studies  of 
Caucasians  in  Europe  [28-30]  and  the  United 
States  [30]  or  African  Americans  in  the  United 
States  [30].  The  polymorphism,  however,  has  not 
been  shown  to  be  associated  with  either  gastric 
[26]  or  nasopharyngeal  carcinoma  [31].  To  date, 
there  are  no  reports  of  this  polymorphism  in  re¬ 
lation  to  breast  cancer  risk,  and  to  our  knowledge 
CYP2E1  expression  in  human  breast  tissues  has 
not  ever  been  studied. 

We  report  here  the  results  of  a  study  of  the  CYP2E1 
Dral  polymorphism  in  a  case-control  study  of  breast 
cancer  among  both  premenopausal  and  postmeno¬ 
pausal  Caucasian  women. 


MATERIALS  AND  METHODS 
Study  Subjects 

The  606  women  in  this  report  were  a  subset  of  a 
study  described  previously  [32-35],  in  which  1545 
Caucasian  women  were  enrolled  in  a  case-control 
study  of  breast  cancer  from  1986  to  1991.  The  selec¬ 
tion  of  study  subjects  in  this  report  was  based  upon 
the  availability  of  DNA  suitable  for  genotyping.  The 
cases  were  women  diagnosed  with  incident,  primary 
breast  cancer;  pathology  reports  were  reviewed  for 
confirmation  of  diagnosis.  Women  were  classified 
as  either  premenopausal  or  postmenopausal  based 
upon  menstrual  status.  Women  under  the  age  of  50 
were  also  considered  postmenopausal  if  they  had 
undergone  bilateral  oophorectomy  or  irradiation  to 
the  ovaries;  women  under  the  age  of  50  who  had  a 
hysterectomy  but  retained  their  ovaries  were  con¬ 
sidered  premenopausal.  The  controls  were  frequency 
matched  to  cases  by  age  and  county  of  residence 
(Niagara  and  Erie).  Controls  under  the  age  of  65  were 
randomly  selected  from  the  New  York  State  Motor 
Vehicle  registry,  whereas  those  over  65  were  selected 
from  Health  Care  Finance  Administration  lists.  Eli¬ 
gibility  and  participation  rates  have  been  previously 
described  [32-35].  The  study  subjects  were  adminis¬ 
tered  a  2-h  interview  by  trained  interviewers  who 
collected  data  on  medical  history,  usual  diet  2  yr 
before  the  interview,  lifetime  cigarette  smoking,  al¬ 
cohol  consumption,  and  occupation.  The  findings 
on  the  other  genetic  polymorphisms  examined  in 
this  study  were  reported  previously  [36,37]. 

Given  the  total  number  of  study  subjects  for  which 
we  have  CYP2E1  data  (219  premenopausal  women 
(106  cases  and  1 13  controls)  and  387  postmenopausal 
women  (166  cases  and  221  controls))  and  the  ex¬ 
pected  frequency  of  combined  CYP2E1  DC  and  CC 
genotypes  of  14%  [30]  among  controls,  this  study 
had  a  0.63  and  0.85  power  to  detect  a  crude  odds 
ratio  (OR)  of  2.00  {P  <  0.05,  two  tailed)  for  the  geno¬ 
type  and  breast  cancer,  respectively.  The  CYP2E1  DC 
and  DD  genotypes  were  combined  to  increase  statis¬ 
tical  power.  The  power  of  this  study  is  significantly 
less  for  determining  adjusted  ORs  and  for  consider¬ 
ing  risk  within  smoking  categories. 

CYP2E1  Genetic  Polymorphism  Analysis 

DNA  was  extracted  from  archived  blood  clots  as 
previously  reported  (Ambrosone  CB,  Freudenheim 
JL,  Graham  S,  Marshall  JR,  Vena  JE,  Erasure  JR, 
Michalek  AM,  Laughlin  R,  Nemoto  T,  Gillenwater 
KA,  Harrington  AM,  and  Shields  PG,  submitted  for 
publication).  Polymerase  chain  reaction  (PCR)  was 
used  to  amplify  the  region  surrounding  the  CYP2E1 
Dral  restriction  fragment  length  polymorphism  site. 
Two  different  primer  sets  were  used  for  the  premeno¬ 
pausal  and  postmenopausal  groups,  as  after  analyz¬ 
ing  the  postmenopausal  women,  we  found  that  a 
different  primer  pair  produced  more  susccessful  am- 
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plifications  with  fewer  PCR  attempts.  The  two  meth¬ 
ods  were  therefore  compared  with  a  set  of  DNAs 
(eight  family  lines  encompassing  three  generations; 
NIGMS  Human  Genetic  Mutant  Cell  Repository, 
Coriell  Institute,  Camden,  NJ)  to  validate  the  newer 
set  of  primers.  There  was  complete  agreement  be¬ 
tween  the  two  methods;  the  genotypes  were  identi¬ 
cal  in  100%  of  samples.  Further,  the  same  Mendelian 
inheritance  pattern  was  demonstrated.  As  both  sets 
of  primers  yielded  the  predicted  fragment  length,  there 
is  no  reason  to  believe  that  the  genotyping  results  were 
dependent  on  the  primers.  While  the  new  primers 
provided  a  higher  rate  of  amplification,  the  total  num¬ 
ber  of  samples  that  could  be  amplified  was  similar  to 
that  of  other  assays  that  we  have  performed. 

For  postmenopausal  women,  genotyping  was  per¬ 
formed  as  previously  reported  [30].  The  PCR  ampli¬ 
fication  yielded  a  995-bp  product,  which  was  then 
digested  with  Dral  [30].  The  final  fragments  were  ei¬ 
ther  874  and  121  bp  or  572,  302,  and  121  bp.  The 
analyses  of  premenopausal  women  differed  by  the 
substitution  of  primers  5"-GGTA'l  iT'CCCCCAAGAA- 
AGTC-3'  and  5'-CTAACGTGGGGTGACGTGAG-3' 
and  buffer  (GeneAmp  PCR  buffer  (10  mM  Tris-HCl, 
pH  8.3;  50  mM  KCl;  1.5  mM  MgClj;  and  0.0001% 
gelatin);  Perkin  Elmer,  Norwalk,  CT)  in  a  total  vol¬ 
ume  of  25  pL.  The  PCR  reactions  had  an  initial  melt¬ 
ing  temperature  of  94°C  for  4  min,  followed  by  30 
cycles  of  melting  at  94°C  for  1  min,  annealing  at  58°C 
for  1  min,  and  extension  at  72°C  for  1  min.  An  ex¬ 
tension  period  of  4  min  at  72°C  followed  the  final 
cycle.  In  this  case,  using  the  primers  for  premeno¬ 
pausal  women  a  530-bp  fragment  was  revealed  on  a 
2.2%  agarose  gel.  Restriction  enzyme  analysis  fol¬ 
lowed,  using  the  conditions  previously  reported  [30]. 
The  subjects  were  classified  according  to  the  original 
nomenclature  proposed  by  Uematsu  et  al.  [24],  who 
designated  the  common  allele  "D"  and  the  less  com¬ 
mon  allele  "C."  Agarose  gel  electrophoresis  was  inter¬ 
preted  by  two  independent  investigators  who  were 


blinded  to  case-control  status,  and  analysis  of  at  least 
10%  of  the  samples  was  repeated  for  quality  control. 

Statistics 

Analyses  of  premenopausal  and  postmenopausal 
women  were  performed  separately.  ORs  with  95% 
confidence  intervals  (CIs)  were  calculated  by  uncon¬ 
ditional  logistic  regression  (SPSS,  Chicago,  IL).  The 
ORs  were  adjusted  for  age,  education,  body  mass  in¬ 
dex  (BMI),  age  at  menarche,  age  at  first  pregnancy, 
family  history  of  breast  cancer,  and,  for  postmeno¬ 
pausal  women,  age  at  menopause.  BMI  was  computed 
as  weight  (kg)/(height)(m)^  by  using  reported  weight 
2  yr  before  the  interview.  Family  history  was  consid¬ 
ered  positive  if  there  was  a  history  of  breast  cancer 
in  either  a  mother  or  a  sister.  In  this  report,  smokers 
were  defined  as  those  smoking  more  than  one  ciga¬ 
rette  per  week  for  1  yr  or  longer.  Therefore,  the  smok¬ 
ers'  category  includes  both  current  and  former 
smokers.  Smoking  status  was  not  further  categorized 
because  of  the  small  number  of  study  subjects  with 
the  C  allele  compared  with  the  D  allele. 

RESULTS 

There  was  a  total  of  606  Caucasian  women  from 
whom  we  had  DNA  for  genotyping.  The  allelic  fre¬ 
quencies  for  the  D  (0.91)  and  C  (0.09)  alleles  among 
premenopausal  cases  and  controls  were  very  similar 
to  the  frequencies  for  postmenopausal  cases  and  con¬ 
trols  (0.93  and  0.07,  respectively).  For  all  these  cat¬ 
egories,  the  predicted  genotype  frequencies  based 
upon  allelic  frequency  were  not  statistically  differ¬ 
ent  from  the  observed  frequencies  (P  <  0.001);  they 
were  all  in  Hardy-Weinberg  equilibrium. 

The  characteristics  of  the  premenopausal  and  post¬ 
menopausal  women  with  available  genotyping  data 
are  presented  in  Tables  1  and  2.  There  were  no  statis¬ 
tical  differences  by  CYP2E1  genotypes  within  cases 
or  controls  for  any  of  the  risk  factors  listed  in  Tables 
1  and  2.  For  the  women  with  available  genotyping 


Table  1.  Characteristics  of  Premenopausal  Subjects  by  CYP2E1  Genotypes* 


Cases 

Controls 

DD 

DC  orCC' 

DD 

DC  orCC' 

Number 

88 

18 

95 

18 

Age  (yr) 

46  ±  4 

47  ±  3 

47  ±  3 

48  ±  4 

Education  (yr) 

14±  3 

13  ±  2 

14  ±  3 

14  ±  2 

Age  at  menarche  (yr) 

13±  2 

13  ±  1 

13  ±  2 

13  ±  2 

Age  at  first  pregnancy  (yr) 

24  ±  5 

23  ±  4 

22  ±  4 

22  ±  4 

Total  time  breast  feeding  (mo) 

3±  7 

4  ±  6 

6  ±  13 

9  ±  15 

Total  time  menstruation  (mo) 

383  ±  56 

373  ±  42 

371  ±  50 

374  ±  45 

Body  mass  index 

24  ±  5 

25  ±  5 

26  ±  5 

24  ±  4 

Smoking  (yr)' 

20  ±  9 

20  ±  9 

22  ±  9 

22  ±  9 

Smoking  (pack-years)'^ 

19±  17 

17  ±  13 

20  ±  20 

21  ±  14 

*For  subjects  with  DIMA  suitable  for  genotyping.  All  values  except  Number  are  means  ±  standard  deviations. 

'The  DC  and  CC  categories  were  combined  to  increase  the  statistical  power. 

*Data  for  smokers  only. 

*Pack-years  were  defined  as  the  predicted  average  number  (calculated  from  data  for  smoking  2,  10,  and  20  yr  before  the  interview)  of  packs 
smoked  per  day  multiplied  by  the  reported  numbers  of  years  smoking. 
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Table  2.  Characteristics  of  Postmenopausal  Subjects  by  CYP2E1  Genotypes* 


Cases 

Controls 

DD 

DC  or  CC’ 

DD 

DC  orCC’ 

Number 

144 

22 

190 

31 

Age  (yr) 

64  ±  7 

62  ± 

7 

63  ±  7 

64  ±  7 

Education  (yr) 

12±  3 

13  ± 

3 

12  ±  3 

12  ±3 

Age  at  menarche  (yr) 

13±  2 

13  ± 

2 

13  ±  2 

13±2 

Age  at  menopause  (yr) 

47  ±  6 

49  ± 

6 

47  ±  6 

47  ±  5 

Age  at  first  pregnancy  (yr) 

24  ±  5 

24  ± 

5 

23  ±  4 

23  ±4 

Total  mo  breast  feeding 

5±  11 

2  ± 

6 

4  ±  7 

6±  10 

Total  mo  menstruation 

378  ±  77 

400  ± 

70 

375  ±  79 

379  ±  63 

Body  mass  index 

26  ±  5 

25  ± 

4 

25  ±  4 

26  ±5 

Smoking  (yr)'’ 

31  ±  4 

36  ± 

14 

31  ±  14” 

37±  11” 

Smoking  (pack-years)’^ 

30  ±  22 

39  ± 

29 

25  ±  19 

30  ±21 

*For  subjects  with  DNA  suitable  for  genotyping.  All  values  except  Number  are  means  ±  standard  deviations. 

^The  DC  and  CC  categories  were  combined  to  increase  the  statistical  power. 

*Data  for  smokers  only. 

^Pack-years  were  defined  as  the  predicted  average  number  (calculated  from  data  for  smoking  2,  1 0,  and  20  yr  before  the  interview)  of  packs 
smoked  per  day  multiplied  by  the  reported  numbers  of  years  smoking. 

V<0.05  by  Student's  t-test  comparisons  of  DD  versus  DC  or  CC  controls. 


data,  the  number  of  cigarettes  smoked  2,  10,  and  20 
yr  before  the  interview,  total  years  smoked,  and  pack- 
years  were  not  statistically  different  between  cases 
and  controls,  although  cases  tended  to  smoke  less 
than  controls  did.  For  this  smoking  data,  there  were 
no  differences  between  the  CYP2E1  genotypes  for 
premenopausal  women  when  the  DC  and  CC  geno¬ 
types  were  analyzed  together  (data  not  shown).  For 
postmenopausal  women,  there  was  an  increase  in 
smoking  duration  (Student's  t  test,  P  <  0.05)  among 
women  who  had  either  the  DC  or  CC  genotypes. 


compared  with  women  with  the  DD  genotype  (37  ± 
11  and  31  ±  14  yr,  respectively;  P  <  0.05). 

When  CYP2E1  genotype  was  regressed  on  case-con¬ 
trol  status,  there  was  no  overall  association  between 
breast  cancer  and  CYP2E1  genotype  (DD  versus  DC  and 
CC)  (Table  3)  for  either  the  premenopausal  women  (OR 
=  1.04,  95%  Cl  =  0.53,  2.24)  or  the  postmenopausal 
women  (OR  =  1.01,  95%  Cl  =  0.55,  1.84). 

Cigarette  smoking  was  examined  in  relation  to  the 
CYP2E1  genotypes,  and  crude  and  adjusted  ORs  were 
calculated  (Table  3).  An  examination  of  the  relation- 


Table  3.  CYP2E1  Genotype  and  Breast  Cancer  Risk 


Subjects 

CYP2E1 

genotype 

Cases 

(%) 

Controls 

(%) 

Total 

(%) 

OR  (95%  Cl) 

Premenopausal 

All 

DO 

88  (83) 

95  (84) 

183  (84) 

1.00 

DC  or  CC 

18(17) 

18(16) 

36(16) 

1.08(0.53,  2.21)’ 
1.04(0.48,  2.24)’ 

Nonsmokers 

DD 

35  (85) 

42  (75) 

77  (79) 

1.00 

DC  or  CC 

6(15) 

14(25) 

20(21) 

0.51  (0.18,  1.48)’ 
0.66(0.20,2,17)’ 

Smokers 

DD 

53(81) 

53  (93) 

106  (87) 

1.00 

DC  or  CC 

12(19) 

4(7) 

16(13) 

3.00(0,91,  9.88)’ 
2.13  (0.60,  7.59)’ 

Postmenopausal 

All 

DD 

144(87) 

190(86) 

334  (86) 

1.00 

DC  or  CC 

22  (13) 

31  (14) 

53(14) 

0.94(0,52,  1.69)’ 
1.01  (0.55,  1.84)’ 

Nonsmokers 

DD 

67  (89) 

90  (87) 

106  (87) 

1.00 

DC  or  CC 

8(11) 

13(13) 

21  (12) 

0.83  (0.32,2.11)’ 
0.90(0.34,  2.35)’ 

Smokers 

DD 

77  (85) 

100(85) 

1 77  (85) 

1.00 

DC  orCC 

14(15) 

18(15) 

32(15) 

1.01  (0.47,  2.16)’ 

1 .02  (0.46,  2.23)* 

*The  DC  and  CC  categories  were  combined  to  increase  statistical  power. 

’’Unadjusted  OR  (95%  Cl). 

*OR  (95%  Cl)  calculated  by  unconditional  logistic  regression,  adjusted  for  age,  education,  age  at  menarche,  age  at  first  pregnancy,  body  mass 
index,  family  history  of  breast  cancer,  and,  for  postmenopausal  women,  age  at  menopause. 
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ship  between  breast  cancer  and  the  CYP2E1  geno¬ 
types  in  women  who  either  did  or  did  not  smoke 
failed  to  reveal  a  statistically  significant  association 
for  premenopausal  or  postmenopausal  women.  In 
nonsmokers,  the  adjusted  ORs  were  0.66  (95%  Cl  = 
0.20, 2. 1 7)  for  premenopausal  and  0.90  (95%  Cl  =  0.34, 
2.35)  for  postmenopausal  women.  For  smokers,  the 
adjusted  ORs  were  2.13  (95%  Cl  =  0.60,  7.59)  for  pre¬ 
menopausal  and  1.02  (95%  Cl  =  0.46,  2.23)  for  post¬ 
menopausal  women.  However,  as  shown  in  Table  4, 
smoking  premenopausal  women  who  had  the  DC  or 
CC  genotypes  had  an  increased  risk  of  breast  cancer 
(adjusted  OR  =  11.09, 95%  Cl  =  1.51, 81.41),  although 
the  number  of  study  subjects  with  these  genotypes 
was  small  and  consequently  the  Cl  was  large.  For  post¬ 
menopausal  women,  there  was  no  association  between 
breast  cancer  and  smoking  in  either  genotype  category. 

In  the  premenopausal  women,  we  categorized  the 
smoking  women  by  pack-years  of  smoking  (that  is, 
greater  or  less  than  the  median).  The  number  of  study 
subjects  was  quite  small,  but  compared  with  the 
nonsmokers,  persons  with  the  DC  or  CC  genotype 
who  had  smoked  less  than  16  pack-years  had  an  OR 
of  13.5  (95%  Cl  =  0,9,  213)  and  those  who  had 
smoked  more  than  16  pack-years  had  an  OR  of  7.7 
(95%  Cl  =  0.8,  72).  Analysis  of  premenopausal 
women  by  the  age  at  which  they  began  to  smoke 
indicated  that  women  with  the  DC  or  CC  genotypes, 
compared  with  nonsmokers,  had  ORs  of  8.7  (95%  Cl 
=  0.8,  99)  for  women  younger  than  16  yr  and  13.9 
(95%  Cl  =  1.3,  153)  for  women  older  than  16  yr. 

DISCUSSION 

Herein  we  examined  breast  cancer  and  a  CYP2E1 
Dral  polymorphism  in  Caucasian  women  by  using  a 
population-based  case-control  study.  The  CYP2E1  gene 
product  is  responsible  for  the  metabolic  activation  of 
N-nitrosamines  [19,22,38],  which  may  play  a  role  in 
breast  cancer  [6-11,13].  Although  the  genetic  poly¬ 
morphism  is  located  in  an  intron  and  does  not  ex¬ 


plain  the  known  interindividual  variation  in  this  gene, 
it  is  a  suspected  risk  factor  for  lung  cancer  in  Japanese 
[24,26]  and  is  associated  with  increased  N-nitrosamine- 
related  DNA-adducts  in  the  human  lung  [27].  None¬ 
theless,  there  are  no  other  published  studies  of  CYP2E1 
and  breast-cancer  risk.  In  this  first  report,  we  found 
no  differences  in  overall  risk  associated  with  the  DC 
and  CC  genotypes  compared  with  the  DD  genotype. 
The  allelic  frequencies  of  the  cases  and  controls  were 
very  similar  to  those  of  previous  reports  [30]. 

Cigarette  smoking  has  been  hypothesized  to  be 
related  to  breast  cancer  based  upon  the  results  of 
experimental  studies  [6],  although  smoking  has  not 
generally  been  related  to  risk  in  epidemiologic  stud¬ 
ies  [4,5].  We  hypothesized  that  tobacco  smoke  might 
also  be  a  human  breast  carcinogen  because  it  con¬ 
tains  JV-nitrosamines  and  other  carcinogens.  If  so, 
then  a  subpopulation  of  women  may  be  susceptible 
to  cigarette  smoke  because  they  have  a  particular 
genetic  susceptibility.  Studying  breast  cancer  and 
cigarette  use  without  considering  genetic  suscepti¬ 
bility  might  obscure  the  relationship  because  the 
increased  risk  in  some  women  might  be  diluted  in  a 
background  of  women  who  are  not  at  risk.  Indeed, 
we  previously  reported  that  smoking  women  with 
the  N-acetyltransferase  2  {NAT2)  slow  acetylation 
genotype  are  at  increased  risk  for  breast  cancer  [36]. 
For  CYP2E1,  our  data  indicated  that  the  DC  and  CC 
genotypes  were  positively  associated  with  breast  can¬ 
cer  in  premenopausal  cigarette-smoking  women,  al¬ 
though  because  of  the  small  number  of  study 
subjects,  this  finding  should  be  considered  prelimi¬ 
nary.  For  postmenopausal  breast  cancer,  there  was 
no  increased  smoking-related  risk  for  any  smoking 
or  genotype  category.  While  there  are  morphologic, 
phenotypic,  and  prognostic  differences  between  pre¬ 
menopausal  and  postmenopausal  breast  cancer,  the 
reasons  why  premenopausal  and  not  postmenopausal 
breast  cancer  should  be  associated  with  smoking  is 
not  clear.  Given  our  previous  finding  of  a  modifying 


Table  4.  Smoking  and  Breast-Cancer  Risk  by  CYP2E1  Genotype 


DD 

DC  orCC* 

Subjects 

No.  of 
cases 
(%) 

No.  of 
controls 
(%) 

OR  (95%  Cl) 

No.  of 
cases 

(%) 

No.  of 
controls 
(%) 

OR  (95%  Cl) 

Premenopausal 

Nonsmokers 

35  (45) 

42  (55) 

1.00 

6(30) 

14(70) 

1.00 

Smokers 

53  (50) 

53  (50) 

1.20  (0.67,2.16)^ 
1.43(0.74,  2.76)* 

12(75) 

4(25) 

7.00  (0,75,  14.53)* 
11.09(1.51,81.41)* 

Postmenapausal 

Nonsmokers 

67  (43) 

90  (57) 

1.00 

8(38) 

13(62) 

1.00 

Smokers 

77  (44) 

100  (56) 

1.03  (0.67,  1.60)^ 
1.14(0.72,  1.81)* 

14(44) 

18(56) 

1.26(0.41,3.89)* 
1.31  (0.39,  4.27)* 

*DC  and  CC  categories  combined  to  increase  statistical  power. 

^Unadjusted  OR  (95%  Cl). 

*OR  (95%  Cl)  calculated  by  unconditional  logistic  regression,  adjusted  for  age,  education,  age  at  menarche,  age  at  first  pregnancy,  body  mass 
index,  family  history  of  breast  cancer,  and,  for  postmenapausal  women,  age  at  menopause. 
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effect  of  the  NAT2  polymorphism  on  the  relation  be¬ 
tween  smoking  and  breast-cancer  risk  [36],  CYP2EI 
ought  to  be  examined  after  stratification  byMAT2  sta¬ 
tus.  However,  the  small  number  of  subjects  with  the 
CD  and  CC  genotypes  in  this  study  made  that  analy¬ 
sis  uninformative.  Further,  the  risks  from  carcinogens 
that  are  substrates  for  the  products  of  these  genes  (aryl 
aromatic  amines  andN-nitrosamines,  respectively)  are 
different,  so  that  there  might  not  be  either  an  addi¬ 
tive  or  a  synergistic  effect.  A  larger  study,  however, 
would  be  needed  to  examine  this  question. 

While  this  study  allowed  us  to  examine  extensive, 
standardized  interview  data  in  conjunction  with  data 
on  genetic  susceptibility,  the  study  had  significant 
limitations.  First,  while  this  study  did  not  indicate 
that  there  was  an  overall  role  for  the  CYP2E1  Dral 
genetic  polymorphism  in  breast  cancer,  the  statisti¬ 
cal  power  of  the  study  was  too  small  to  reject  this 
hypothesis  for  premenopausal  women  when  exam¬ 
ining  crude  risk.  The  study  size  was  suitable  for  iden¬ 
tifying  a  statistically  significant  OR  of  2.0  for 
postmenopausal  women  but  3.0  for  premenopausal 
women.  There  was  insufficient  power  for  examining 
adjusted  risks  for  premenopausal  or  postmenopausal 
women.  Thus,  smaller  risks  may  have  escaped  detec¬ 
tion  in  this  study.  Second,  while  the  study  data  set 
suggested  that  smoking  was  a  risk  factor  in  women 
with  the  CD  and  CC  genotypes,  the  small  number 
of  subjects  precluded  a  meaningful  analysis  by  fur¬ 
ther  categorization  of  those  women.  If  there  had  been 
sufficient  numbers,  an  examination  of  the  data  by 
increasing  cigarette  consumption  would  have  made 
the  data  for  a  smoking-related  breast  cancer  effect 
more  convincing.  Further,  among  smokers,  N-nitro- 
samine  exposure  may  vary  by  dietary  exposures  (e.g., 
it  is  increased  by  greater  beer  consumption  or  con¬ 
sumption  of  foods  containing  nitrates).  Third,  while 
this  study  does  not  provide  evidence  for  a  role  for 
the  CYP2E1  Dral  genetic  polymorphism  in  post¬ 
menopausal  breast  cancer  or  in  premenopausal  breast 
cancer  in  nonsmokers,  notwithstanding  its  limita¬ 
tions  in  statistical  power,  it  did  not  exclude  a  role 
for  CYP2E1.  For  example,  the  wide  interindividual 
variation  for  CYP2E1  activity  and  N-nitrosamine  ac¬ 
tivation  (due  to  inducibility  or  other  pol5miorphisms) 
may  still  be  related  to  breast-cancer  risk.  Fourth,  there 
are  important  potential  sources  of  bias  that  may  have 
affected  our  results.  They  include  low  participation 
among  cases  and  controls,  limited  availability  of  DNA 
for  genotyping  among  participants,  and  recall  dif¬ 
ferences  for  exposures  between  cases  and  controls. 
However,  it  is  unlikely  that  these  biases  are  related 
to  the  CYP2E1  genetic  polymorphism,  and  so  while 
they  are  important  to  consider,  they  are  also  not  likely 
to  have  influenced  the  results  of  this  study.  Last,  be¬ 
cause  this  study  investigated  only  Caucasian  women, 
it  may  not  be  possible  to  extrapolate  the  results  to 
women  of  other  races  or  to  the  general  population. 

In  conclusion,  this  study  did  not  find  an  associa¬ 


tion  between  the  CYP2E1  Dral  genetic  polymorphism 
and  breast  cancer  risk.  Premenopausal  women  with 
the  DC  and  CC  genotypes  may  be  at  increased  risk 
for  breast  cancer  if  they  are  smokers.  However,  the 
results  of  this  study  must  be  viewed  as  preliminary 
because  of  the  small  number  of  subjects  with  the  C 
allele,  which  made  difficult  examination  of  exposure 
levels  and  examination  of  modification  by  NAT2. 
Nonetheless,  that  genetic  susceptibilities,  including 
that  related  to  CYP2E1,  modify  the  effect  of  exog¬ 
enous  environmental  and  lifestyle  exposures  on 
breast-cancer  risk  remains  an  important  hypothesis. 
Further  investigation  in  larger  studies  and  other 
populations  is  therefore  warranted. 
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4-ABP  TIME  COURSE 

Z  strains 


4-ABP%30OuM 

4-A0P3OUM 


•  1  "I 

10  20 


Um*  (hi) 


HO-ABP  TIME  COURSE 

2  strains 


-r  OH-ABP%30QuM 


HO*ABP30uM 
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AMINOBIPHENYL-DNA  ADDUCT  DETECTION  USING  “ADAM” 
Introduction 

A  continued  goal  of  the  LHC  is  to  develop,  apply,  and  validate  biomarkers  of  cancer  risk  in 
order  to  enhance  cancer  risk  assessment,  focus  cancer  prevention  strategies,  and  elucidate 
mechanisms  of  carcinogenesis.  One  indicator  for  the  net  effect  of  exogenous  carcinogen 
exposure  and  inherited  traits  for  absorption,  metabolism,  and  DNA  repair  is  the  carcinogen-DNA 
adduct.  A  number  of  methods  exist  for  the  sensitive  detection  of  DNA  damage  in  human  tissue. 
The  method  of  adduct  detection  currently  being  developed/adapted  in  our  laboratory  is  adduct 
detection  by  acylation  with  ^*S-methionine  (ADAM)  (Sheabar  et  al,  PNAS,  91 ;  1696-1 700, 1994; 
Chem.  Res.  Toxicol.,  7:650-658,  1994).  Current  goals  are  to  measure  the  major  DNA  adduct  of 
4-aminobiphenyl  (dG-8-ABP)  in  DNA  from  human  breast  tissue  in  order  to  determine  the  in  vivo 
relationship  of  carcinogen-DNA  adducts  to  exposure,  metabolic  activation,  and  genetic 
polymorphisms.  In  addition,  we  are  interested  in  measuring  adduct  levels  in  DNA  from  primary 
breast  cultures  to  study  interindividual  differences  in  carcinogen  metabolism,  metabolizing 
enzymes,  genetic  polymorphisms,  p53  induction,  and  apoptosis. 

Methodology 

•  Synthesis  of  ”S-TBM  (the  actual  labeling  reagent)  and  HPLC  purification. 

•  Acylation  of  dG-8-ABP  with  ”S-TBM  and  HPLC  analysis. 

•  Exploration  of  alternative  labeling  reagents.  Basic  problem  of  methionine  is  the  amino  group 
which  must  be  protected  prior  to  the  acylation  reaction.  Tried  two  different  methods  to 
deaminate  methionine  chemically  or  enzymatically,  which  would  also  provide  a  more 
reactive  compovmd. 

Results 

•  Reaction  of  ”S-methionine  to  produce  ^*S-TBM  (BOC-protected  methionine)  went  with 
33.3%  efficiency  and  collected  the  correct  peak  this  time. 

•  Acylation  using  the  freshly  purified  ”S-TBM  resulting  in  75.6%  ±  9.3  (avg  of  4  samples) 
labeling  efficiency  and  83%  of  acylated  material  was  represented  by  the  bis  compound. 

•  Good  news:  primarily  one  peak  was  formed,  making  this  look  promising  for  in  vivo 
studies. 

•  Bad  news:  still  need  to  work  on  washing  steps  to  prevent  sample  carry  over.  There  is  so 
much  radioactive  material  involved  that  a  much  longer  wash  of  the  column  at  the  end  of 
each  run  will  be  needed  (the  material  appears  to  be  sticking  to  the  column).  Although  1 
pmol,  100  fmol,  10  fmol,  and  1  finol  were  all  acylated  with  ^’S-TBM,  they  all  ended  up 
with  the  same  number  of  cpm  in  the  product.  Thus,  in  order  to  be  quantitative,  we  need 
to  optimize  the  gradient  program  more. 

•  Exploration  of  methods  to  deaminate  methionine  were  only  partially  successful  and  would 
require  further  optimization. 

Future  Course 
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•  Future  work  involves  repeating  the  generation  of  a  standard  curve  of  the  dG-8-ABP  adduct 
working  on  more  thorough  washes  of  the  column  between  runs  to  avoid  sample  carry-over. 
Bottom  line:  now  that  the  assay  appears  to  be  behaving  somewhat,  more  careful  thought  will 
be  required  to  design  appropriate  internal  and  external  controls  to  make  it  not  only 
qualitative,  but  quantitative. 

•  Prepare  HO-[^H]ABP  to  use  for  modifation  of  calf  thymus  DNA  with  ABP  at  different 
modification  levels — should  be  most  accurate  way  of  checking  binding  level. 

•  Synthesize  dG-8-[^H]ABP  for  further  optimization  of  immunoaffinity  columns. 
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HPLC  Analysis  of  dG-8-ABP 
Acvlated  with  ^®S-TBM 


BOC  PROTECTION  OF  METHIONINE 
(Step  f.  of  the  ADAM  method) 


DTBC  (aka  Boc-o-Boc) 


METHODS  TO  DEAMINATE  METHIONINE 


NH2OSO3H 
- ^ 

NaOH,  0-4  oC 
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t/ser;  DEFAULT  Runfile;  MIXED 
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Table  1 .  Associations  of  SLC6A3  and  DRD2  Genotypes  with  Smoking 


Sample 

Group 

SLC6A3  Genotype 

9/9  +  9/*  */* 

n  (%)  n  (%) 

DRD2  Genotype 

A1/A1+A1/A2  A2/A2 

n  (%)  n  (%) 

All  Subjects 
(n  =  460) 

Smokers 

Nonsmokers 

106(46.1)  124(53.9) 

129(56.1)  101  (43.9) 

=  4.60,  p=0.03 

90(39.1)  140(60.9) 

79(34.3)  151  (65.7) 

X'=1.13,p=0.29 

Caucasians 
(n  =  408) 

Smokers 

Nonsmokers 

98(48.0)  106(52.0) 

120(58.8)  84  (41.2) 

X'  =  4.77,p=0.03 

75  (36.8)  129  (63.2) 

66(32.3)  138(67.6) 

X'  =  0.88,  p=0.35 

African 
Americans 
(n  =  52) 

Smokers 

Nonsmokers 

8(30.8)  18(69.1) 

9  (34.6)  17  (65.4) 

X^  =  0.09,p=0.77 

15  (57.7)  11(42.3) 

13  (50.0)  13  (50.0) 

X^  =  0.31,p=0.58 

*  denotes  SLC6A3  allele  other  than  9 
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c  im\ptperi\dai  m«! 


p  value  for  chi  square  =  .002;  **p  value  =  .001 
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and  Race 
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Table  1 


Allele  Frequency  for  Smokers  and  Non-Smokers  by  Race 


Non-Smokers  (%) 

Smokers  (%) 

Allele 

Caucasians 

African 

Caucasians 

African 

Americans 

Americans 

D4.2 

44  (13) 

11 (23) 

49  (10) 

6(6) 

D4.3 

15(5) 

1(2) 

23  (5) 

2(2) 

D4.4 

236  (70) 

31  (65) 

331  (70) 

61  (64) 

D4.5 

2(1) 

3(6) 

2(2) 

D4.6 

0(0) 

0(0) 

1  (0.2) 

0(0) 

D4.7 

37(11) 

2(4) 

59  (13) 

24  (25) 

D4.8 

2(1) 

0(0) 

3  (0.6) 

1(1) 

Total 

336 

48 

470 

96 

Table  2 

Association  of  Dopamine  D4  Receptor  Genotypes  and  Smoking 


Genotype^ 

Non-Smoker  (%) 

Smoker  (%) 

P  Value 

Caucasians 

S/S 

132  (79) 

183  (78) 

0.28^-^ 

S/L 

33  (19) 

41  (18) 

0.90^ 

L/L 

3(2) 

11(4) 

African  Americans 

S/S 

22  (92) 

29  (60) 

0.02^'^ 

S/L 

2(8) 

13  (27) 

0.006^ 

L/L 

0(0) 

6(13) 

‘S=D4.2,  D4.3,  D4.4,  or  D4.5;  L=D4.6,  D4.7,  or  D4.8 

^Fisher’s  Exact  test 

value  for  S/S  versus  S/L  versus  L/L 

value  for  S/S  versus  S/L  or  L/L 

S' 
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'P  value  for  S/S  versus  S/L  or  L/L 


